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INTRODUCTION 
Since the earlier investigations of Dobell (1909) on parasitic 
protozoa in amphibian hosts, a great number of studies have been 
carried on throughout the world dealing with parasitic protozoa of 
frogs and toads. Observations of morphological and taxonomic char­
acters have predominated, although some investigations were undertaken 
from the ecological and physiological point of view. 
The establishment of various species of protozoa in cultures free 
from other organisms opened a new era in the study of these organisms. 
Both free living and parasitic protozoa are being successfully cul­
tivated in numerous media by a number of investigators. These 
protozoan cultures are now being used successfully for morphological 
and physiological studies. 
According to the literature, Zumstein (1900) apparently was the 
first who grew a protozoan species, Euglena gracilis, in an axenic 
culture medium. Later, in 1909, Dobell cultivated another species 
of protozoan, Balantidium entozoon Ehrbg. (Ehrenberg, 1838), in an 
infusion made from the feces of a variety of different animals. 
Trichomonad flagellates from many animals and man have been 
studied by various investigators and a number of methods of cultivation 
have been suggested. Locke-egg-medium (Rogue, 1921), ovo-mucoid-
medium (Hegner and Becker, 1922), sodium chloride serum water(Hogue, 
1922), Locke's egg serum medium (Boeck, 1924), Loffler's dehydrated 
blood serum (Cleveland, 1925), serum-saline-citrate-medium (Andrews, 
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1926), ringer-egg serum medium (Rakoff, 1934), serum saline medium 
(Bishop, 1935), Wenrich medium (Wenrich, 1945), C.P.L.M. medium 
(Johnson, 1947), simplified trypticase serum medium (Kupferberg, 
e_t £l,, 1948), trichosel medium (Kupferberg, 1955), and Diamond's 
medium (Diamond, 1957) are a few of the media which have been used 
by various investigators for one or more species of trichomonad 
flagellates. 
Physiological studies may also elucidate the taxonomic relation­
ships among the different species of trichomonad flagellates. Several 
workers (Doran, 1957, 1958, 1959; Lindblom, 1961) have used physiolog­
ical responses in attempts to determine taxonomic relationships among 
the trichomonads. 
Tritrichomonas augusta is one of the more common flagellates 
of the large intestine of frogs and toads. It occurs also in the same 
site in salamanders. Little information could be found on the phys­
iology of this flagellate, although extensive investigations regarding 
its morphology have been carried on. 
The growth of T. augusta in culture media depends upon numerous 
chemical and physical factors such as temperature, pH and oxygen 
concentration. Available nutritive materials and presence of other 
organisms in the culture media also affect the population growth of 
this protozoan. 
Numerous investigations could be found regarding the active growth 
of T. augusta in C.P.L.M. medium (Johnson 1947), while no one was able 
Uo maintain this trichomonad flagellate in trichosel (Kupterberg, 1955), 
3 
and Diamond's medium (Diamond, 1957). Concannon ejt al^. (1967) reported 
that Diamond's medium did not support an active growth of this flagel­
late. However, Twohy and Tucker (1961) were able to establish a culture 
of T. augusta using a modified Diamond's medium. 
Johnson (1942) subjected the cultures of T. vaginalis to various 
oxygen tensions. He concluded that the presence of oxygen was def­
initely unfavorable for multiplication of this organism. The depres­
sion of the population of the organisms occurred at higher oxygen 
tensions. The optimum condition was found to be completely 
anaerobic. No studies have been reported on the effects of various 
oxygen tensions upon T. augusta. 
Since earlier investigators have done little work on the effects 
of a change in the environment on growth and morphology of T. augusta, 
the present study was undertaken. The study was designed to investi­
gate the following: 1) population growth for the organisms at various 
temperatures in three chemically different media, 2) morphological 
changes of the organism during different phases of culture cycle, 
3) effect of the hydrogen-ion concentration on population growth and 
morphology of the organisms, and 4) effects of various oxygen tensions 
upon the size and morphology of this microscopic animal. 
4 
REVIEW OF LITERATURE 
The existence of parasitic protozoa in the intestinal contents 
of amphibians has been known since the observation of Antony van 
Leeuwenhoek (1683), However, nearly two centuries elapsed before 
any considerable advance in the study of intestinal protozoa of 
amphibian hosts was made. The earlier observations of Dobell (1909) 
initiated a modern phase in the investigation of these enteric protozoa. 
According to Dobell (1909), Leeuwenhoek in 1702 was able to rec­
ognize three different species of protozoa in the intestine of frogs: 
Nyctotherus cordiformis, Opalina intestinalis, and Trichomonas or 
Trichomastix. Since the investigations of Dobell (1909) on morpho­
logical studies of protozoan species in amphibia, Alexeieff (1909, 
1911), Swezy (1915), Wenrich (1922), Metcalf (1923), Grasse' (1926), 
Bishop (1931, 1935), Samuels (1941), Nie (1948), Honigberg (1951, 1953), 
and Buttrey (1954) are a few of the workers who have described the 
morphological features of one or more species of protozoan parasites 
from amphibia. 
One genus from amphibia under constant study has been Trichomonas. 
The genus Trichomonas was established by Donne" in 1836 with vaginalis 
as the type species. Kofoid (1920) proposed a new generic name, 
Tritrichomonas, for the species of trichomonad which has only three 
anterior flagella and designated the well known Tritrichomonas augusta 
as its type species. 
Three species of trichomonad flagellates have been reported from 
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the rectal contents of amphibian hosts. Perty (1852) found Tri­
chomonas batrachorum inhabiting the large intestine of frogs and toads. 
Alexeieff (1909) reported the presence of Trichomonas prowazeki in 
the intestinal tract of amphibians and two years later described T. 
augusta from toads and salamanders and stressed the morphological 
differences between T. augusta and T. batrachorum. 
The morphology of T. augusta has been studied by a number of 
authors. Of these, the more pertinent works have been done by 
Alexeieff (1911), Kuczynski (1914), Kofoid and Swezy (1915a), Kofoid 
(1920), Wenrich (1922, 1935), Samuels (1941), Chen (1949), Honigberg 
(1950), Buttrey (1954) and Soleymany (1967). 
Alexeieff (1911) gave a brief description of T. augusta when he 
reported the morphological differences between T. batrachorum and T. 
augusta. Kofoid (1920) separated T. augusta from T. vaginalis on the 
basis of difference in the number of flagella, the type of axostyle 
and undulating membrane. The existence of a threadlike rhizoplastic 
connection between the nucleus and blepharoplast in T. augusta was 
reported by Kofoid and Swezy (1915a). On the contrary, Samuels (1941) 
denied the presence of such an organelle in this animal. Size varia­
tions according to Samuels (1941) range between 15.0 - 27.0 u for the 
length and 5.0 - 13.0 u for the width. However, according to Kofoid 
and Swezy (1915b ) both dwarfs and giants occurred beyond these ranges. 
They (1915a) found that T. augusta of frogs varied in size from 11.0 
to 50.0 u in length and 8,0 to 15.0 u in width. Wenrich (1935) also 
stated that T. augusta occurred in various sizes in frogs and toads 
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and that the host species had an affect on size. 
The discovery of the protein-silver technique for staining the 
protozoa was a great advantage in studying the morphological char­
acteristics of T. augusta and other intestinal flagellates in the 
amphibian hosts. Chen (1949) found a distinct knob-like enlargement 
at the terminal part of the three anterior flagella of T. augusta 
in protein-silver preparation. Later, in 1950, Honigberg mentioned 
that T. augusta differs from T. batrachorum not only in the structure 
of axostyle but also in its parabasal body. The latter difference 
was observed in protorgol impregnation of the intestinal smears as 
well as the culture grown trichomonad flagellates. 
Samuels (1949) studied the morphological variations of T. augusta 
in culture and reported that nuclear variations were especially frequent 
among these trichomonad flagellates. He observed the presence of two 
or more nuclei with extra nucleoli and also the occurrence of more 
than three anterior flagella during the cultivation of T. augusta. 
The finding of a constant number of three anterior flagella by Buttrey 
(1954) is in opposition to that of Samuels (1949). 
The presence of a crescent-shaped pelta on T. augusta was first 
mentioned by Chen (1949) but he failed to describe its relation with 
the flagella and blepharoplast. The presence of dorsal pelta fibrils 
similar to those in Trichomonas hominis (Kirby, 1945) was reported by 
Buttrey (1954) for the first time. 
Buttrey (1954) reported that the variation in the size of T. 
augusta was correlated with its host and environment. These 
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trichomonads from frogs and toads showed the greatest range in size, 
while the flagellates found in salamanders had the least variations. 
The measurements for the size of the organisms given by Buttrey (1954) 
were: 5.5 - 26.4 u by 2.2 - 11.0 u for frogs, 8.8 - 34.1 u by 2.2 -
15.4 u for toads, and 11.0 - 25.3 u by 3.3 - 11.0 u for salamanders. 
Soleymany (1967), studying the morphological characteristics of the 
intestinal protozoa of amphibians, also reported that the organisms 
from frogs had the greatest ranges in both length and width; whereas, 
the individuals from salamanders had the smallest range in size, length 
(9.8 - 25.2 u) and width (2.8 - 9.8 u) from Rana pipiens and length 
(12.6 - 21.6 u) and width (4.2 - 8.4 u) from Ambystoma tigrinum. 
Since the discovery of T. augusta by Alexeieff (1911), there have 
been numerous attempts to grow this parasite in unnatural environ­
ments and cultures. The attempts of many investigators ended in 
failure although success was reported by others. The cultures of this 
trichomonad flagellate were then used in morphological and physiological 
studies. 
Kofoid and Swezy (1915b) were probably the first to cultivate T. 
augusta using a mixture of intestinal contents of R. pipiens and normal 
salt solution in a hollow ground culture slide. They were able to keep 
the individuals alive for several months without any change in the 
culture medium. 
In 1926, Tenabe successfully cultivated T. augusta and T. 
prowazeki at room temperature in a modification of the serum-saline 
citrate medium. Cleveland (1928) reported that the trichomonad 
8 
flagellate from R. pipiens did not grow in faecal materials of the 
frog diluted with tap water when kept at 36°C.; whereas, good growth 
was obtained at room temperature. A few years later, Rosenberg (1936) 
cultivated T. augusta from a tree toad, Hyla regilla, in a mixture 
of the enteric rectal contents of the animal and an equal amount of 
0.85 per cent sodium chloride, a medium first described by Kofoid 
and Swezy (1915b). 
Rosenberg (1936) also reported the effect of hydrogen-ion 
concentration on the viability of the organisms. According to this 
investigator, the change in the pH value toward the acidity caused 
the death of the organisms while the maximal growth was obtained with 
constant pH value of 7.55, the approximate pH value of the rectal con­
tent of the frog. On T. vaginalis Johnson (1942) reported the max­
imal population in a medium with the pH value between 5.1 and 6.0 and 
growth practically stopped at pH 7.55 and above. 
A great amount of work has been done by Bishop (1930, 1931, and 
1934) on cultivation of the intestinal flagellates of man and amphibia. 
In 1930 she investigated the action of hydrochloric acid upon the 
culture of T. hominis isolated from fecal materials of man. Bishop 
(1930) also reported that this flagellate could not withstand the 
action of the acid at body temperature for longer than five minutes; 
however, it could survive for a much longer period of time at room 
temperature. Stanhope and Buttrey (1962) reported that T. augusta 
showed a greater degree of sensitivity to gibbercllic acid than did 
Tritrichoinonas foetus and Tritrichomonas su is and failed to grow in 
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C.P.L.M. medium containing higher concentration of gibberellic acid 
incubated at 37°C. 
Bishop (1931) cultivated T. batrachorum isolated from Bufo 
vulgaris and Rana temporaria and observed that a maximal population 
could be obtained when grown at 15-20°C. in horse-serum containing 
0.5 per cent salt solution. Later, Bishop (1934) successfully culti­
vated T. batrachorum in a culture containing rain water and reported 
that the organisms retained their normal structures but became smaller. 
According to Wenrich (1947), the reduction in size of T. batrachorum 
reported by Bishop (1934) might have been due to diminished food 
supply in the culture medium. 
Many studies have been conducted by Wenrich (1922, 1935, 1945 
and 1947) on the morphology, host-parasite- relationships and cultiva­
tion of T. augusta. Wenrich (1935) and Cairns (1953) reported the 
ability of this species of protozoan to exist in a wide range of 
amphibian hosts and environments. 
Kofoid and Swezy (1915b) and Rosenberg (1936) investigated the 
relationship of one organism to another and stated that in a mixed 
culture of T. batrachorum and T. augusta, the latter gradually dis­
appeared while the T. batrachorum increased in numbers and eventually 
became the only species present. According to Wenrich (1947), T. 
augusta was usually more prevalent in the slide from the intestinal 
contents of freshly killed frogs; whereas, T. batrachorum became 
dominant after several days in culture. Wenrich (1947) theorized that 
T. batrachorum had a greater division rate in culture than did T. 
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augusua. On the contrary, Samuels (1958) was able to keep a mixed 
culture of T. batrachorum and T. augusta for about nine years. 
Further studies of Samuels (1958) on T. augusta from R. pipiens 
indicate that this flagellate grew in a simplified tripticase serum 
(STS) medium at a temperature range of 8-35°C. and a pH of 6-8. 
Samuels (1958) reported that the serum concentration of the medium 
had an inhibitory effect upon the growth of the protozoan species at 
higher temperatures. He related this reaction to his earlier in­
vestigation (1957) indicating an agglutination of T. augusta by a 
complement inactivated serum of the culture medium. 
Concannon et (1967) were able to cultivate T. augusta from 
R. pipiens in STS medium and found a maximal population of three and 
half million per ml. after four days of incubation at 35°C, This 
study also revealed that Diamond's medium (Diamond, 1957) did not 
support an active growth of this flagellate. However, Twohy and 
Tucker (1961) and Twohy (1963) were able to establish the growth of 
T. augusta using the modified Diamond's medium. Twohy and Tucker (1961) 
reported that the generation time was between 10.3 - 49.5 hours 
utilizing modified Diamond's medium with limiting concentrations of 
glucose. Further studies of Twohy (1963) revealed that an increase 
in the death rate of organisms caused an increase in the generation 
time. 
Many workers have investigated the effects of various additives 
to a basic culture medium and reported an increase in the number of 
organisms beyond the point of maximal population, llonigberg (1958a) 
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cultured T. prowazeki in the C.P.L.M. medium and reported that the 
addition of several growth promoting substances to the medium stim­
ulated the growth of the organisms and made even forty-eight hours 
transfers feasible. In addition, Honigberg (1958b) reported that the 
inclusion of both mucin and chick embryo extract in the C.P.L.M. 
medium greatly improved growth of T. batrachorum from R. pipiens and 
the organisms were left for longer period of time without transfer to 
a new medium. However, the chick embryo extract alone was less 
effective in increasing the number of organisms than was mucin. 
Samuels (1959) studied the nutritional requirements of T. 
augusta and added various amino acids, vitamins, and lipids to STS 
medium. He reported that adaptation occurred in successive experi­
mental steps before a significant level of growth was reached. During 
the same year, Twohy investigated the supporting effect of various 
carbohydrates on the active growth of T. augusta. He (1959) found 
that pyruvate and succinate produced insignificant growth of this 
flagellate while inulin, arabinose, and xylose failed to support 
completely the active growth of this animal. 
Concannon and Charles (1958) stated that the addition of several 
growth promoting substances incorporated in the basic medium, increased 
the rate of division of T. augusta and that this animal utilized both 
pyruvate and succinate more than other carbohydrates. Furtlier studies 
by Concannon (1959) indicated that two strains of T. augusta could 
be distinguished on the basis of differences in utilization of 
lactose, cellobiose and sorbitol. He also reported that glucose as 
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a source of carbohydrate greatly limited the growth of the organisms. 
However, Trussell and Johnson (1941) reported that T. vaginalis 
utilized glucose and its polymers and these polymers influenced the 
maximal population of the flagellate. 
Lee et al. (1960) reported that trypticase from Diamond's medium 
could be replaced by a mixture of amino acids and metals but that T. 
augusta needs tripticase for increasing the number of organisms. 
Lowering the trypticase concentration narrowed the temperature range 
for growth of T. augusta (Lee et al. 1960). Finally, Lee et al_. (1962) 
reported that the addition of sjnall amounts of iron and copper to the 
medium extended the growth of T. augusta from 22°C. to 28°C. and that 
the optimum growth was obtained at pH 6.0-8.0 under the above condition. 
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METHOD OF PROCEDURE 
Trichomonas augusta used in the present study was originally 
isolated from the rectum of the leopard frog, Rana pipiens, on 
October 24, 1968. An aseptic population of trichomonads was obtained 
by the use of the U-shaped migration tube method described by Switzer 
(1951). C.P.L.M. (Johnson, 1947), Diamond's (Diamond, 1957) and 
trichosel (Kupferberg, 1955) media were used in these initial isola­
tions and throughout the experimental investigations. 
U-shaped migration tubes were filled with 10 ml. of C.P.L.M., 
Diamond's and trichosel media, plugged with cotton and autoclaved at 
121°C. and 15 pounds pressure for 15 minutes. Forty-eight hours before 
inoculation, 0.5 ml. of bovine serum, sterilized by filtration and 
inactivated at 58°C. for 30 minutes, 25,000 units of penicillin G 
and 25 mg. of dihydrostreptomycin sulfate were added aseptically to 
each column of the U-shaped migration tubes. 
One column of the U-tubes was inoculated with fecal material from 
the frog's rectum containing trichomonads and the tubes were then 
incubated for 48 hours at 30°C. After this period, the opposite 
sides (non-inoculated sides) of the U-tubes were examined and an 
inoculum withdrawn near the midpoint of this sterile side. Once 
the pure trichomonads culture was isolated, the populations were 
maintained in C.P.L.M., Diamond's and trichosel media. 
The C.P.L.M. medium is the modified cysteine mono-hydrochloride-
peptone-liver infusion-maltose medium described by Johnson (1947). 
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C.P.L.M. Medium 
Bacto peptone 16.0 gm. 
Bacto agar 0.8 gm. 
Cysteine mono-hydrochloride 1.2 gm. 
Maltose 0.8 gm. 
Difco liver infusion 160.0 cc. 
Modified Ringer's solution 480.0 cc. 
Sodium hydroxide N/1 5.5 - 6.5 CC. 
The Difco liver infusion was prepared by infusing 62.5 grams of 
desiccated liver with 1,000 cc. of distilled water; the modified 
Ringer's solution contained 0.6 per cent NaCl, 0.01 per cent NaHCO], 
0.01 per cent KCl and 0.01 per cent CaCl2 in distilled water. In 
preparing C.P.L.M. medium all of the ingredients except the sodium 
hydroxide were mixed, boiled for five minutes to melt the agar, and 
then filtered through a coarse filter paper. After cooling to room 
temppratiireJ enough N/] sodium hydroxide was added to raise the pH 
to 6.1 t 0.1. Following this adjustment, 0.4 cc. of a 0.5 per cent 
aqueous methylene blue solution was added to the C.P.L.M. medium. 
Diamond's medium was a modification of STS medium of Kupferberg 
et al. (1948) and the medium of McEntegart (1952). 
Diamond's Medium 
Tripticase (BBL) 2.0 gm. 
Yeast extract 1.0 gm. 
Maltose 0,5 gm, 
L-cysteine hydrochloride 0.1 gm. 
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L-ascorbic acid 0.02 gm. 
Bacto agar 0.05 gm. 
Distilled water 90.0 cc. 
The above ingredients, exclusive of Bacto agar, were first 
dissolved in the distilled water, and the pH of the solution was 
adjusted to 6.1 ^  0.1 with N/1 sodium hydroxide. The agar was then 
added and the mixture was boiled for five minutes to melt the agar. 
The trichosel medium (Kupferberg, 1955) is a broth having the 
same nutritive base as the simplified tripticase serum (STS) medium 
of Kupferberg, Johnson, and Sprince (1948) for cultivation of 
Trichomonas species but has the more stable "chloramphenicol" 
already incorporated into the dehydrated medium so that the selective 
broth containing the antibiotic can be autoclaved. 
Trichosel Medium 
Tripticase 20.0 gm. 
Cysteine hydrochloride 1.5 gm. 
Maltose 1.0 gm. 
Agar 1.0 gm. 
Methylene blue 0.003 gm. 
Chloramphenicol 0.1 gm. 
The medium was prepared by suspending 23.6 grams of the de­
hydrated material in 950 ml. of distilled water and boiled for one 
minute to melt the agar. Final pH with no adjustment was 6.0. 
All three media were tubed in 8.5 ml. amounts in 16 mm. x 150 mm. 
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screw-cap culture tubes and autoclaved at 121°C. and 15 pounds pressure 
for 15 minutes. Twenty-four hours before inoculation with trichomonads, 
1.0 ml. of bovine serum, which had been sterilized by filtration, and 
inactivated at 58°C. for 30 minutes, was added per 8.5 ml. of culture 
medium. In addition to the serum, 25,000 units of penicillin G and 
25 mg, of dihydrostreptomycin sulfate were added to each tube in order 
to aid in maintaining a sterile culture. 
The trichomonads were maintained in C.P.L.M., Diamond's and 
trichosel media as stock cultures. The cultures were kept at a 
constant temperature of 20°C. and they were subcultured in the 
laboratory every 7-10 days. However, immediately after subculturing, 
the cultures were incubated at 30^0. for a period of 18 - 24 hours. 
The organisms for inoculation were prepared from a two-day-old 
flourishing culture containing approximately two million active tri­
chomonads per ml. The stock culture was diluted to contain approxi­
mately 2,000 organisms per ml. and 0.5 ml. of this dilution was added 
to each tube, making 100 organisms per ml. of medium. 
Three different experiments were undertaken in the present study. 
In the first experiment to study the relationship of temperature to 
growth and morphology a constant pH value of 6.1 t 1 was used with 
temperatures of 20°'C., 25° C., 30°C. and 35°C. Twenty-two identical 
tubes were prepared in each temperature for each medium. Of these 
twenty-two tubes, twenty were inoculated; two were not inoculated and 
were used to check the value of the pH at different intervals. The 
population counts were made at 12-hour intervals using a brightline 
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haemocytometer after thoroughly shaking each culture tube. A series 
of growth curves was obtained by plotting the numbers of the organisms 
per ml. of culture media in relation to the time. 
The generation time was calculated from the equation, 
g = t (Johnson and Trussell, 1944), originally derived 
3.3 log b/B 
from g = t log 2 (Buchanan and Fulmer, 1928), where t is the 
log b-log B 
interval time in hours, b is the population of organisms per ml. at 
the end of the time interval, and B is the population of organisms 
per ml. at the beginning of the time interval. 
The second experiment to study the relationship of pH to growth 
and morphology was done at different pH values but at a constant 
temperature. The pH values for this experiment ranged from 4.0 -
9.5 including the pHs 4.0, 4.5, 5.0, 5.5, 6.0, 6.5, 7.0, 7.5, 8.0, 
8.5, 9.0 and 9,5. Temperatures of 20°C., 25°C., 30°C. and 35°C. were 
used for each pH value since active growth was observed previously at 
all these temperatures. 
In these studies two modifications were made in the three media 
in order to maintain a constant pH throughout the experiment. In the 
C.P.L.M. medium, the NaHCO] was omitted from the Ringer's solution to 
obtain an accurate reading after autoclaving, and a buffer consisting 
of a 0.01 M of sodium phosphate dibasic and 0.01 M of citric acid was 
added to all three media. The various pH values were obtained by 
adjusting with N/1 hydrochloric acid and N/1 sodium hydroxide prior 
to autoclaving and the addition of serum and antibiotics. 
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Twenty-two identical tubes were used at each of the different 
pH values, twenty of which were inoculated and two not inoculated 
were used to check the pH values throughout the experiment. The 
population numbers were made at 12-hour intervals using a bright line 
haematocytometer after thoroughly shaking each tube to obtain a 
uniform distribution of organisms. 
The third experiment was designed to study the effect of various 
concentrations of oxygen on the growth and morphology of organisms. 
The experiment was done on cultures grown in the three media (C.P.L.M., 
Diamond's and trichosel) which had been exposed to various oxygen 
pressures. A pH value of 6.1 — 1 was constant but the temperatures 
varied. The temperatures 20°C., 25°C., 30°C. and 35 C, were used for 
this part of investigation since the active growth was obtained 
previously at these four temperatures. The partial pressure of oxygen 
ranged from anaerobic to 500 mmHg., including oxygen partial pressures 
of 0, 75 mmHg., 150 mmHg. (control), 300 mmHg., and 500 mmHg. 
To obtain the desired oxygen pressures a mixture of oxygen and 
nitrogen was collected in an inverted graduated cylinder by displace­
ment of water. The various partial pressure of oxygen was calculated 
Vn 
by the equation PPO2 = (Pg - P^) ( 4 —) where PPO2 is the partial 
pressure of oxygen, Pg is the barometric pressure, Py is the partial 
pressure of water vapor, Vq is the volume of oxygen in ml., and 
is the volume of nitrogen in ml. 
C.P.L.M., Diamond's and trichosel media were tubed in 8.5 ml. 
amounts in 16 nun. x 150 mm. culture tubes with rubber stoppers and 
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autoclaved at 121°C. and 15 pounds pressure for 15 minutes. With 
sterilized hypodermic needles one ml. of inactivated bovine serum, 
25,000 units of penicillin G and 25 mg. of dihydrostreptomycin sulfate 
were added to each tube. Then approximately 200 ml. of the gas 
mixture, with various calculated oxygen pressures, were run through 
each experimental tube to insure that the atmospheric air had been 
replaced by the various pressures of oxygen. A sterilized hypodermic 
needle connected to a rubber tube installed inside the graduated 
cylinder was used. The culture tubes used for investigation of the 
organisms under anaerobic conditions were subjected directly to the 
pure nitrogen for three minutes. 
Twenty-four test tubes were used at each oxygen pressure. Using 
a sterile hypodermic needle, an inoculum consisting of 0.5 ml. of 
culture medium was added aseptically to each test tube. Then, the 
tubes were horizontally incubated at four experimental temperatures 
of 20°C., 25°C., 30°C. and 35 C. Stained slides were prepared from 
those tubes that indicated an active growth of the animal. 
In each tube that supported the growth of the flagellate, the 
remaining partial pressure of oxygen was measured by means of a 
Beckman oxygen micro electrode. This electrode was calibrated at 
150 mmHg. for partial pressure of oxygen. The drop in the partial 
pressure of oxygen in the tubes that indicated an active growth of 
the organism was calculated by substraction of the final partial 
pressure of oxygen from the initial partial pressure of oxygen. 
To determine the effects of enviromental changes on the morphology 
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of trichomonads over 800 stained slides were prepared of organisms 
at different temperatures, pH values and oxygen concentrations. For 
comparative purposes stained slides also were made of the rectal con­
tents of the frog from which the original cultures were obtained. 
Stained slides were prepared from the original stock culture at the 
beginning of each experiment; however, smears were made from the 
experimental cultures at twenty-four-hour intervals throughout the 
growth cycle. Bouin's and Schaudinn's fluids were employed as fixatives. 
The stains used were Heidenhain's iron-hematoxylin and a modification 
of the Bodian protein-silver technique by Moskowitz (1949). The Bouin's 
fixed slides were stained in the protein-silver method; whereas, 
Schaudinn's fixed slides were stained with the Heidenhain's iron-hema­
toxylin method. 
The organisms were measured by using a calibrated eye-piece under 
oil immersion magnification. Thirty organisms were measured on each 
set, the numbers being divided equally between the two types of stains. 
The various structures measured to study the morphological variation 
of the organisms included: length and width of the animal and its 
nucleus, endosome, anterior and trailing flagella, parabasal body, costa 
and granules. The measurement of length of the animal included only 
that portion from the anterior end of the organism to the point where 
the axostyle leaves the body. The width was determined by measuring 
the organism at the widest part of the body omitting the height of the 
undulating membrane. 
In order to show the morphological variations of T. augusta b3 
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figures were drawn with the aid of the camera lucida. Magnification 
of X4000 was used for all drawings. The drawings were then reduced 
one-half in printing. 
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RESULTS 
Five species of enteric protozoa were found in the rectum of 
Rana pipiens which was used to start the cultures for this study. Two 
were trichomonads, Tritrichomonas augusta (Alexeieff, 1911) and Tritri-
chomonas batrachorum (Party, 1852), and three were in the Hexamita 
group including Hexamita intestinalis (Dujardin, 1841), Octomastix sp., 
and Urophagus sp. T. augusta was found in greatest numbers and was the 
only protozoan species able to demonstrate sustained growth in the three 
media. 
Morphology of T. augusta in Original Host 
The morphology of T. augusta from the freshly killed frog was 
based upon measurements of thirty organisms, 15 stained with protein-
silver and 15 with Heidenhain's iron-hematoxylin (Table 1). In shape, 
T. augusta is rather elongated pyriform with the widest portion usually 
about a third of the body length from the anterior end (Figures 17-19). 
A few specimens, however, are oval with the widest portion near the 
middle of the organisms (Figures 20, 21). The size varied in length 
from 19,2 to 35.7 u and in width from 2.8 to 12.8 u, with an average 
of 22.9 X 7.6 u. The elongated rod-shaped parabasal body, which is 
readily seen in protein-silver (Figures 17-19) but not in iron-hematoxy-
lin stained organisms, varied in length from 4.2 to 8.5 u and in width 
from 0.5 to 0.8 u, with an average of 6.2 x 0.6 u. It arises from a 
spherodial blepharoplast, 0.8 to 1.0 u in diameter, at the anterior tip 
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of the animal. From the latter also originate the three anterior 
flagella, undulating membrane, posterior flagella, pelta, costa and 
axostyle. 
An oval-shaped nucleus (Figures 19-21), ranging in size from 5.8 
to 7.1 u in length and 2.8 to 3.5 u in width with an average of 6.1 x 
3.0 u, is located in the anterior portion of cytoplasm dorsal and in 
apposition to the capitulum of the axostyle. A near spherical endo-
some, 1.4 to 2.0 u in diameter with an average of 1.6 u, is located in 
the posterior region of the nucleus and often surrounded by a halo 
(Figure 20). 
The hyaline rod-shaped axostyle, which extends through the body 
of the animal, shows endoaxostylar granules in the anterior capitulum 
and a single row of small dark staining granules extending posteriorly 
for approximately two-thirds the length of the organelle (Figures 20, 21), 
At the point where the axostyle leaves the body of the organism, a ring 
of dark staining granules, a chromatic ring, is observed in both protein-
silver and iron-hematoxylin stained organisms (Figures 17, 19). Ex­
tending from the chromatic ring is the axostylar tip which continues 
posteriorly with the same diameter of the axostyle and then tapers 
gradually to a point which extends as a projecting spine (Figures 17, 19) 
for a variable distance of 1.8 to 2.8 u, with an average of 2.3 u. The 
projecting spine structure is observed best in protein-silver stained 
organisms. 
The costa, which is located beneath the undulating membrane, ex­
tends along the undulating membrane the entire length of the body of 
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the organisms. The subcostal granules are noted in close association 
with the costa from the anterior end to the mid-portion of the structure 
(Figure 20). 
The three anterior flagella are usually shorter than the body 
of the animal and are unequal among themselves. Measurements of 30 
randomly selected organisms showed that the anterior flagella had 
ranges from 9.5 to 24.3 u, with an average of 15.2 u. In protein-
silver preparation, the three anterior flagella show a more or less 
distinct knob-like enlargement at their distal ends (Figures 17-19), 
enlargements formerly described by Kirby (1945). 
The trailing flagellum, which also arises from the blepharoplast, 
extends beyond the animal as a continuation of the outer marginal fila­
ment of the undulating membrane. The length of this structure varied 
from 7.1 to 19.2 u, with an average of 11.7 u. 
The cytoplasm contains relatively small chromatic granules and 
vacuoles which are distinct in both iron-hematoxylin and protein-silver 
stained organisms. 
Morphology of T. augusta in the Third Subculture 
In comparing the trichomonad from the host with the trichomonads 
from the stock culture in its third subculture, significant morpho­
logical differences were observed (Table 1). A noticeable reduction 
in length of the organisms grown in all three media had occurred, T. 
augusta cultivated in Diamond's medium showed the smallest average size 
of 11.4 X 8.2 u; whereas, the individuals grown in the trichosel medium 
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had an average size of 13.7 x 8.6 u and those grown in the C.P.L.M. 
medium had a size of 12.8 x 8.3 u. 
The shape of the body varied from oval in Diamond's medium (Figure 
24) to more elongated in the trichosel medium (Figure 26). In the 
C.P.L.M. medium, the typical T. augusta was pyriform in shape (Figure 
27) with the widest portion of the animal about a third of the body 
length from the anterior end. Variations in the form of the body of 
the organisms were found in the different media. No significant varia­
tions in length of the anterior and trailing flagella were observed 
among the organisms grown in the three culture media. The anterior 
flagella were normally longer than the body and were unequal among 
themselves. They showed distinct knob-like enlargements in protein-
silver preparations (Figures 26, 28). 
A typical club-shaped parabasal body was found among the organisms 
grown in the culture media. In length, it was approximately one-half 
the size of the one found in the smear from the rectum of the frog. 
The average length of the parabasal body was 3.1 u in the C.P.L.M. 
medium, 3.3 in the Diamond's medium, and 3.3 u in the trichosel medium 
(Table 1). The club-like structure had its greatest diameter at the 
proximal end (Figures 24, 27, 28). No parabasal fibril as reported by 
Buttrey (1954) was found. 
As in the organisms directly from the frog's rectum, the folded 
undulating membrane extended the entire length of the body of the animal 
along with the costa, and terminated near the chromatic ring area of 
the axostyle. The undulating membrane was thrown into a series of 7-8 
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folds as it extended the body length of the flagellate, but it was 
better developed among organisms cultivated in the trichosel medium 
(Figures 22, 26). 
The nucleus was approximately round in shape and contained a 
single endosome which was usually surrounded by a halo and located 
either in the center (Figure 25) or in the posterior region of the 
nucleus (Figures 22,23). The average size of the nucleus from various 
organisms was 3.3 x 2.9 u for C.P.L.M. , 3.3 x 2.9 u for Diamond's 
medium, and 3.5 x 2.7 u for trichosel medium (Table 1). 
Relatively large granules, which represent the remnants of food 
material (Samuels, 1941), were present in the cytoplasm of iron-hematoxy-
lin stained organisms. The granules were more prevalent in the cyto­
plasm of the organisms grown in the C.P.L.M. and Diamond's media than 
they were among the individuals cultivated in trichosel medium. 
Growth and Morphology of T. augusta in Relation 
to the Temperature 
Growth curves and analysis of growth 
The four temperatures, 20°C., 25°C., 30°C. and 35°C., selected for 
the present study, all supported the active growth of the organisms in 
each of the three media, C.P.L.M., Diamond's and trichosel (Figures 1-4), 
Maximal population and the rate of division of T. augusta showed a 
variation throughout in the four experimental temperatures (Figures 1-
4), and also in the three media. 
C.P.L.M. medium Maximal populations of 2,400,000 per ml. 
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after 10.5 days of incubation at 20°C., 4,550,000 per ml. after 7 days 
of incubation at 25°C., 5,250,000 per ml. after 4.5 days incubation at 
30°C., and 3,750,000 per ml. after 5 days of incubation at 35°C. were 
recorded using C.P.L.M. medium (Figures 1-4). 
A lag phase of about two days was observed at 25°C., 30°C., 35°C., 
and there was then a sharp increase in the population of the organisms 
(Figures 2-4) with the greatest population occurring on days 7, 4.5, 
and 5. However, at 20°C., the lag phase was longer, about 4.5 days; 
and a gradual increase in population was noticed until maximum was 
reached at 10.5 days (Figure 1). After the maximal populations, the 
logarithmic death phase began and was most rapid among the organisms 
incubated at 25°C., 30°C. and 35°C.; and no life was apparent after 
days 10.5, 9.5 and 8 in the 3 respective temperatures. However, at 
20°C., the logarithmic death phase was slow, and life was s^ill noticed 
at day 20 (Figure 1). 
Diamond's medium The rate of division of T. augusta was slower 
in Diamond's medium than it was in C.P.L.M. medium and in all experi­
mental temperatures the maximal populations were obtained after longer 
periods of time - a maximal population of 3,2000,000 per ml. after 14 
days of incubation at 20°C. (Figure 1), 3,100,000 per ml. after 10 days 
of incubation at 25°C. (Figure 2), 3,200,000 per ml. after 7.5 days of 
incubation at 30°C. (Figure 3), and 2,400,000 per ml. after 6 days of 
incubation at 35°C. (Figure 4). 
The lag phase for the organisms growing in Diamond's medium varied 
from 3 days (30°C., 35°C.) to 5.5 days (20°C.). The logarithmic rate 
of the death following the maximal populations also varied with the 
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populations being greatest in the 35°C. Of the few animals which 
remained alive after 20 days incubation at 20°C. and 25°C., many were 
giant spherical forms and presented sluggish movements. 
Trichosel medium A longer lag phase was observed for the 
organisms cultivated in the trichosel medium at 20°C., 11 days, at 25°C., 
7 days, at 30°C., 4 days, and at 35°C., 4 days. A maximal population 
of 2,000,000 per ml. after 16 days of incubation at 20°C., 3,100,000 
per ml. after 10.5 days of incubation at 25°C., 4,300,000 per ml. after 
8 days of incubation at 30°C., and 2,900,000 per ml, after 6.5 days of 
incubation at 30°C., and 2,900,000 per ml. after 6.5 days of incubation 
at 35°C. were recorded (Figures 1-4). Figures 3 and 4 reveal that the 
population of the organisms increased to the maximum after 8 and 6 days 
of incubation at 30°C. and 35°C., and then decreased at approximately 
the same rates. However, at 20°C. and 25°C., a more gradual decrease 
in number of the organisms was noted (Figures 1,2). 
Generation time 
The generation time for the increasing populations in the different 
media is shown in Tables 2-4. The generation time was shorter during 
the exponential growth of the organisms. The minimal generation times 
for C.P.L.M. at 20°C., 25°C., 30°C. and 35°C., were 19.1, 8.6, 
3,4, and 1.7 hours, respectively (Table 2). However, the minimal time 
required for division of the flagellates in Diamond's medium were 11.2 
hours at 20°C., 10.4 hours at 25°C., 9.5 hours at 30°C., and 5.8 hours 
at 35°C, (Table 3). The organisms cultivated in trichosel medium had 
29 
longer generation times with minimal generation times of 24.1 hours 
at 20°C., 12.0 hours at 25°C., 9,8 hours at 30°C., and 6.0 hours at 
35OC. (Table 4). 
The generation times lengthened when the populations started to 
experience increasing death. The generation times increased up to 
143.6 hours at 20°C., 40.6 at 25°C., 26.5 at 30°C., and 43.9 at 35°C. 
for the C.P.L.M. medium (Table 2), up to 160.4 at 20°C., 84.2 at 25°C., 
130.9 at 30°C., and 23.8 at 35°C., for Diamond's medium (Table 3), 
128.9 at 2G°C., 73.8 at 25°C., 59.9 at 30^0., and 20.0 at for 
trichosel medium (Table 4). 
Morphology and size in relation to culture medium 
C.P.L.M. medium The stained organisms used for comparative 
morphological studies were prepared from the cultures grown at 20°C., 
25°C., 30°C. and 35°C. at or near peak population. Significant varia­
tions were found in the measurements of structures of the organisms 
grown in the C.P.L.M. medium when compared with the trichomonads from 
the third subcultures. 
The typical shape of the animal was pyriform (Figures 30,31) in 
the C.P.L.M. medium; whereas, elongated forms were quite typical in 
the cultures incubated at 20°C. (Figure 29). The average size of the 
individuals from the original stock culture at the time of inoculation 
was 12.8 X 8.3 u whereas in cultures it was 17.2 x 7.8 u in 20°C. cul­
tures, 15.9 X 9.5 u in 25°C. cultures, 18.1 x 8.3 u in 30°C. cultures 
and 16.4 x 8.1 u in 35°C. cultures. 
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The difference between the size of the parabasal body at various 
temperatures was great (Table 1). It varied in length from 3.8 u 
at 35°C., 3.9 u at 30°C., 4.7 u at 25°C. to 5.1 u at 20°C., thus 
increasing in length as the temperature decreased. 
The nucleus also increased in size in the cultured organisms. In 
the flagellates from the stock culture the average measurement was 3.3 x 
2.9 u, but it was larger in the organisms grown in culture, averaging 
4.5 X 3.5 u at 20°C., 4.1 x 3.1 u at 25°C., 4.3 x 3.1 u at 30°C. and 
4,4 X 3.3 u at 35°C. (Table 1). A rounded endosome measuring 0.9 to 
I.3 u was normally visible near the posterior region of the nucleus 
(Figure 31). 
A series of 3-4 chromatic rings was often found in the flagellates 
grown at 20°C. (Figure 29). Numerous darkly staining chromatic endo-
axostylar granules were seen in the capitulum. The granules extended 
for a variable distance into the stem, from one-third to one-half of 
the body length of the organisms grown at 25°C. and 30°C. In addition, 
a series of granules surrounding the nucleus was found among the organ­
isms cultivated at 25°C. (Figure 31). 
Diamond's medium The individuals grown in the Diamond's medium 
were more ovoidal in shape (Figures 32,33) and exhibited no significant 
variations in size between the four different experimental temperatures 
and also between the experimental temperatures and the third subculture -
II.4 X 8,2 in third subculture, 11,8 x 8.3 u at 2G°C., 11.5 x 6.8 u at 
25°C,, 10,2 X 6.4 u at 30°C., and 11.0 x 6.7 u at 35°C. were recorded 
(Table 1). However, a reduction in length of both anterior and trailing 
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flagella was noted in the four experimental temperatures (Table 1). 
Differences in size and shape of the parabasal bodies taken at 
four cultivation temperatures were significant. The parabasal body 
was larger in the organisms taken at 20°C., with an average length of 
3.5 u, and it averaged 3.4 u at 35°C.; whereas, the average of 1.8 u 
at 25°C. and 1.6 u at 30°C. were recorded. This structure normally 
had the greatest diameter at the proximal end at 25°C. and 35°C. (Figure 
32). However, at 20°C. and 35°C., the parabasal body often appeared 
to be a thin rod of constant diameter (Figure 33). 
A rounded nucleus which was smaller than in the third subculture 
appeared anteriorly on the dorsal side of the axostyle. It contained 
an endosome varying in size from 0.6 to 0.7 u (Table 1) located either 
in the center of the nucleus in the specimens taken at 25°C. and 35°C. 
(Figure 35) or in the posterior region of the nucleus in those cultivated 
at 20°C. and 30°C. (Figure 23). Two endosomes, each surrounded by a 
halo (Figure 34), were occasionally found in the nucleus. The cytoplasm 
contained numerous chromatic granules and small vacuoles which were more 
visible in iron-hematoxylin preparations. 
Trichosel medium The organisms grown in the trichosel medium 
were normally pyriform in shape (Figure 40); however, at 30°C, some 
specimens appeared to be more elongated in body form (Figures 39, 41). 
The average size of the organisms from the third subculture was 13,7 x 
8.6 u but they increased in size throughout the period of subculturing. 
During the experiments the average size of the organisms was 14.4 x 8.0 
u at 20°C., 14.1 X 8.2 u at 25°C., 15.7 x 9.0 u at 30°C. and 13.8 x 8.8 u 
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at 35°C. (Table 1). No significant variations were noted in the length 
of the anterior and trailing flagella. 
Correlated with the increasing size of the animal at 30°C., an 
increase in the length and diameter of the parabasal body and the 
nucleus was observed among the organisms grown at this temperature where 
a club-shaped parabasal body with an average length of 4.1 u was found. 
At 30°C. this organelle seemed to have its greatest diameter at the 
proximal end (Figure 41); however, at 20°C., 25°C., and 35°C., the 
parabasal body appeared to be a rod-shaped structure of uniform width 
(Figure 40). The average of the parabasal body was 3.8 u at 20°C., 
3.4 u at 25°C., 4.1 u at 30°C. and 2.8 u at 35°C. (Table 1). 
In contrast to the trichomonads incubated at 20°C., 25°C., and 
35°C., the organisms cultivated at 30°C. showed more undulations in the 
undulating membrane (Figures 38, 39); and the costa appeared to be 
slightly thicker in these organisms. 
The nucleus at 30°C. was slightly larger with an average size of 
4.1 X 3.1 u (Table 1) and contained a relatively large endosome located 
near the center of the nucleus (Figure 36). At 20°C., the nucleus 
averaged 3.8 x 3.0 u and the endosome was again near the center of the 
nucleus in many of the organisms, 
A condition of polynucleoli was found in some specimens incubated 
at 20°C. (Figure 37). Samuels (1941) observed this condition in T. 
augusta from Rana pipiens and described them as accessory nucleoli. 
Measurements of the nuclei from the flagellates revealed an average of 
3.4 X 2.6 u at 25°C, and 3.4 x 2,9 u at 35^C. (Table 1). Occasionally, 
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the endosome with its surrounded halo was situated in the posterior 
region of the nucleus among the organisms grown at 25°C. and 35°C. 
The cytoplasm was normally vacuolated and contained chromatic 
granules of various sizes (Figure 36). The granules appeared smaller 
in diameter at lower experimental temperatures than at higher tempera­
tures. 
Growth and Morphology of T. augusta in 
Relation to pH 
The second part of this investigation involved the growth of T. 
augusta at different pH values but at a constant temperature. The pH 
values which were used represented a range of 4.0-9.5 including the pH 
values of 4.0, 4.5, 5.0, 5.5, 6,0, 6.5, 7.0, 7.5, 8.0, 8.5, 9.0 and 9.5. 
In the C.P.L.M. medium growth was observed in the pH range of 5.0-
8.5. Active growth was obtained in pH values 5.5-8.5 using the tricho-
sel medium; however, T. augusta grew in the Diamond's medium having a 
pH range of 6,0-8.5. Growth resulted neither in the two lowest pH values 
of 4.0 and 4.5 nor in the highest pH values of 9.0 and 9.5. 
Growth curves in relation to pH 
C.P.L.M. medium The population curves of the cultures at various 
pH values and temperatures are given in Figures 5-16. In the C.P.L.M. 
medium the maximal populations which developed between the pH values of 
5.0-8.5 were: 1,450,000 to 5,250,000 per ml. at 20°C (Figure 5), 650,000 
to 5,000,000 per ml. at 25°C. (Figure 6), 900,000 to 5,250,000 per ml. 
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at 30°C. (Figure 7), and 250,000 to 4,5000,000 per ml. at 35°C. (Figure 
8). The highest population occurred in pH 7.0 at 20°C., in pH 8.5 at 
25°C., in pH 6.0 at 30^0., and in pH 8.0 at 35oc. 
The time in days when the maximum was reached for each pH in all 
four temperatures varied considerably. At 20°C., the maximal population 
developed after 10% days for pH 6.0, 11 days for pHs 7.0 and 7.5, 14 
days for pH 6.5, 16 days for pH 8.0, 19 days for pHs 5.5 and 8.5 and 20 
days for pH 5.0 (Figure 5). At 23°C., the maximum was reached after 7 
days for pH 6.0, 9 days for pH values 7.0, 7.5 and 8.0, 11 days for pHs 
5.5 and 6.5, 15 days for pH 5.0, and 16 days for pH 8.5 (Figure 6). At 
30°C., the peak population developed after 4% days for pH 6.0, 8 days 
for pHs 7.0, 7.5, 8.0 and 8.5; whereas, the maximum was not reached until 
11 days at 5.5 and 8.5. The greatest numbers occurred on the thirteenth 
day for pH 5.0 (Figure 7). At 35°C., the maximum was attained after k\ 
days at pH 6.0 and 13 days at 5.0. It took 7 days for pH 8.0, 8 days for 
the pHs 7.0 and 7.5, 9 days for pH 6.5, 10 days for pH 5.5 and 11 days 
for pH 8.5 to arrive at their maximum (Figure 8). 
The greatest lag phase was evident in the lower pH values at each 
of the four temperatures. At 20^0., a lag phase of 19 days at pH 5.0 
and 12 days at pHs 5.5 and 8.5 was found. The lag phase was 14 days 
for pH 5.0 and it was 8 days for pH 8.5 at 25°C. At 30°C. and 35°C., 
a lag phase of 7 days occurred for pHs 5.0 and 8.5. 
The logarithmic increase in population was comparable in all pH 
values except pH 5.0 which showed a slower increase for a time following 
the lag phase. The logarithmic death phase was likewise slow for this 
pH value at all four temperatures. 
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Diamond's medium Growth was obtained in pH values 6.0-8.5, but 
the pHs 5.0 and 5.5 did not support life in Diamond's medium. Maximal 
populations ranging from 3,200,000 to 5,000,000 per ml. occurred between 
the pH values 6.0-8.5 at 20°C. (Figure 9), and 3,100,000 to 5,050,000 
per ml. in the same pH ranges at 25°C. (Figure 10). However, the 
highest populations extending from 3,200,000 to 6,000,000 per ml., and 
from 2,400,000 to 6,000,000 per ml. were recorded in the pH ranges 6.0-
8.5 at 30°C.and 35°C. (Figures 11, 12) respectively. 
The time in days when the maximum was attained deviated with the 
temperature and pH. At 20oc,, the greatest population for pHs 7.0 
and 7.5 was at 6 days; whereas, the maximum occurred at 9 days for pH 
8.0, 10 days for pH 6.5, 11 days for pH 8.5, and 14 days for pH 6.0 
(Figure 9). At 25°C., the peak population developed after 5 days for 
pH 7.0, 5% days for 7.5, 6 days for pH 8.0, after 7 days for pHs 6.5 
and 8.5, and after 10 days for pH 6.0 (Figure 10). At 30°C., the time 
required for growth of the maximal populations in pHs 6.5, 7.0 and 7.5 
was 4 days; although the maximum occurred at 5 days for pH 8.0, at 6 
days for pH 8.5, and at 7 days for pH 6.0 (Figure 11). At 35^C., the 
time in days required for maximum growth was close to those found at 
30°C. The maximum developed after 4 days for pH values 6.5, 7.0 and 7.5; 
whereas, it was obtained after 6 days at pHs 6.0 and 8.5. A period of 
5% days was required for the maximal population to be reached in pH 8.0 
(Figure 12). 
A shorter lag phase was disclosed for the organisms grown in 
Diamond's media, although the lag phase was greater for the pH value 
6.0 at 20°C. and 25°C. At 20°C. and 25°C., a lag phase of 3 days at pHs 
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7.0, 7.5 and 8.0 was noted. The lag phase was 5 days for pHs 6.5 and 
8.5 at 20°C. and 4 days at 25°C. For pH 6.0 a lag phase of 6 days 
occurred at 20°C., and 5 days at 25°C. At 30°C. and 35°C., a lag phase 
of 2 days at pH range of 6.5-8.0 and 3 days for pHs 6.0 and 8.5 was 
noted. 
At 30°C. and 35°C. the logarithmic increase in population was com­
parable in all pH values; however, at 20°C., the organisms showed a 
gradual increase in population at pH 6.0. In addition, a slower increase 
was found in pHs 6.0, 6.5, 8,0 and 8.5 at 25°C. The highest population 
developed in pH 7.0 at 20°C, in pH 7,5 at 25°C., in pH 8.5 at 30°C, and 
in pH 7.5 at 35°C, 
Trichosel medium A range of pH 5.5-8,5 supported growth of T, 
augusta in trichosel culture medium except for pH 5.5 which did not 
support life at 35°C, The maximal populations ranging from 1,000,000 
to 4,000,000 per ml, developed at 20°C. (Figure 13), 1,300,000 to 3,400, 
000 per ml. at 25°C. (Figure 14), 1,250,000 to 4,300,000 per ml. at 30°C. 
(Figure 15) and 1,500,000 to 3,150,000 per ml, at 35°C, (Figure 16), 
The time in days when the maximum was reached for each pH value 
was relatively shorter at 25^C, and 35°C. than it was at 20°C, and 30°C, 
The greatest population at 25°C, was reached after 8 days for pHs 7,0 
and 7.5, after 9 days for pH 8.0, 9% days for pH 8.5, 10 days for pH 
value 6,5, 10% days for pH 6,0 and 15 days for pH 5,5 (Figure 14). Also, 
at 35°C,, the maximal population occurred at 6% days for pH 6.0, 7 days 
for pH 6.5, 8 days for pH 8,0, 10 days for pH 8.5, and 11 days for pH 
values 7,0 and 7,5 (Figure 16), 
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A longer time was needed for the development of maximal populations 
in the pH values of 20°C. and 30°C. At 20°C., the maximum occurred at 
10 days for pH 6.5, at 11^ days for pH 7.5, at 13 days for pH 7.5, at 
16 days for pH 6.0, at 19 days for pH 8.0 and at 24 days for pH 8.5 
(Figure 13). At 30°C., however, the maximum was reached at 8 days for 
pHs 6,0, 7.0 and 7.5, at 10 days for pH 6.5, at 16 days for pH values 
8.0 and 8.5, and at 19 days for pH 5.5 (Figure 15). 
A lag phase was observed for all pH values at the four experimental 
temperatures, although it was relatively shorter at 25°C. and 35°C. than 
at 20°C. and 30°C. A lag phase of 3 days at pH 6.5, 5 days at pHs 7.0, 
7.5, and 8.0 and 8.5, 1\ days at pH 6.0 and 9 days at pH 5.5 occurred at 
25°C. The lag phase at 35°C. was 3 days at pHs 6.0 and 6.5, 4 days 
at pH 8.5, 5 days at pHs 7.5 and 8.0 and 8 days at pH 7.0. At 20°C., 
a lag phase of 6% days at pH values 6,5, 7.0 and 7.5, 11 days for pHs 
6.0 and 8.0, 12 days for pH 5.5 and 13 days for pH 8.5 were noted. At 
30°C., the lag phase was longer, 11 days at pH 5.5 and 8 days at pHs 
6.5, 8.0 and 8.5. For pHs 6.0, 7.0 and 7.5 a lag phase of 4 days oc­
curred at 30°C. 
There was a gradual increase in the number of organisms in all pH 
values except for 6.0 at 30°C. and for 6.0 and 6.5 at 35°C. each of 
which exhibited a sharper increase in population for a time following 
the lag phase. The logarithmic death phase sharply decreased in all pH 
ranges at 35°C (Figure 16). The highest population was found in pH 8.0 
at 20°C,, in pH 6.5 at 25°C., in pH 6.0 at 30°C. and in pH 6.5 at 35°C. 
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Morphology and size in relation to pH va lues 
The stained slides used for studying the effects of the hydrogen-
ion concentration on the morphology and size of the organisms were pre­
pared at or near peak population at each pH in all four temperatures. 
The living protozoans grown in Diamond's and trichosel media were larger 
near neutrality and on the alkaline side (Tables 6,7), although this con­
dition did not appear in the organisms grown in the C.P.L.M. medium 
(Table 5). 
C.P.L.M. medium At 35°C., the organisms grown in C.P.L.M. 
medium at pHs 5.0-6.0 were the longest, averaging 14.9 u in length while 
those at pHs 8.0 and 8.5 averaged 13.6 u. The organisms were smaller 
in length, averaging 10.6 u in the pH range of 5.5-7.5. At 30°C., the 
longest organisms were on the acid side between the pHs of 5.0 and 6.5, 
averaging 15.7 u, and on the alkaline side between pHs of 8.0 and 8.5, 
averaging 15.3 u. The smallest organisms were near neutrality at pHs 
7.0 and 7.5, averaging 11.9 u. At 25"C., the flagellates were smaller 
at the pHs 6.5 and 7.0, averaging 12.0 u in length; whereas, the orga­
nisms grown at pH range 7.5-8.5 averaged 15.3 u and those in pH 5.0-
6.0 averaged 14.0 u in length. At 20°C., the protozoans grown at pH 
7.0-8.5 were the longest. They averaged 15.3 u in length; whereas, 
those in the range of 5.0-6,5 showed an average of 14,5 u. 
The organisms appeared to be wider on the acid side, pHs 5.0-6.5, 
than they were at neutral and on the alkaline side, pHs 7,0-8,5. At 
35°C., the average width was 7.6 u on the acid side while it was 6.9 u 
on the alkaline side. At 30°C., the organisms with the greatest width 
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were on the acid side, averaging 9.1 u; whereas, those measured on the 
alkaline side averaged 7.5 u in width. At 25°C., the average width 
in the range pH 5.0-6.5 was 9.4 u and it averaged 8.7 u in the pH range 
7.0-8.5. At 20°C., the measurements were 8.8 u on the acid side and 
8.3 u on the alkaline side (Table 5). 
There was a noticeable change in the length of anterior and trailing 
flagella for the organisms throughout the pH values. Also, the lengths 
of flagella varied with the temperatures. At 20°C, and 25°C. (Table 5), 
anterior and trailing flagella appeared to be longer on the alkaline 
side, averaging 16.1 u for anterior flagellum and 12.0 u for the trailing 
flagellum. However, at 30°C. and 35°C. (Table 5), they were longer on 
the acid side, averaging 16.0 u for anterior flagellum and 11.5 u for 
trailing flagellum. All three anterior flagella maintained an even diam­
eter throughout their lengths except for a slight knob-like enlargement 
at their distal ends. 
The undulating membrane was thrown into a series of folds which 
were greater in number among the organisms grown on the acid side. This 
organelle was closely associated with the costa, and both extended the 
length of the body between two-thirds (Figure 42) to as long as the entire 
length of the body of the animal (Figure 43). A row of fine subcostal 
granules was found only in organisms grown in the pH 5.0 (Figure 44) 
at 20°C. 
The large cresent shaped pelta (Figure 45) which was located in the 
most anterior part of the body of the organisms, appeared as a slightly 
raised organelle in the organisms taken on the alkaline side. This 
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structure was shown very clearly in both protein-silver and Heiden-
hain's iron-hematoxylin preparations and it varied in length from 1.6 
to 2.4 u, with an average of 2.0 u. 
At pHs 5.0 and 5.5, the parabasal body was much smaller in length, 
averaging 2.4 u at 35°C., 3.3 u at 30°C., 2.9 u at 25°C,, and 2.9 u at 
20°C. In the pH range of 6.0-8.5 at all four temperatures it was much 
larger, 3.4 u at 350C., 4.1 u at 25°C., and 4,0 u at 20°C. and 30°C. 
In width the parabasal body varied from 0.5 to 1.3 u with an average 
of 0.7 u, but seemed to be thicker on the acid side (Figure 43) than it 
was on the alkaline side (Figure 46). 
An oval shaped nucleus (Figure 45) was found for all pH values 
except pH 6.5 at 30OC. and pHs 6.5 and 7.0 at 35°C. where the nucleus 
was more spherical in shape (Figure 47). The nucleus was smaller in 
organisms grown at 25°C., averaging 3.8 x 2.9 u, while it averaged 4.2 
X 3.1 u at 20°C. The average measurements were 3,9 x 2,8 u at 30oc. 
and 4.0 x 2.9 u at 35°C.; whereas, at 30°C. it averaged 2,8 x 2,7 u in 
pH 6.5 and 2.6 x 2.6 u in pH values 6.5 and 7.0 at 35°C. An endosome 
surrounded by a halo was normally located in the posterior region of 
the nucleus (Figure 45) in the majority of organisms grown in acid and 
alkaline pHs. However, the endosome was found more often in the center 
of the nucleus (Figure 47) among those grown in a pH at or near neutral. 
Occasionally, two endosomes, each surrounded by a halo, were present 
(Figure 48). Some endosomes appeared to be composed of closely associ­
ated granules, between 3 and 7 in number (Figure 49). The endosome was 
relatively large in pHs 8.0 and 8.5 at all four temperatures. It showed 
an average diameter of 1,0 u in pH 8.0 and 1.3 u in pH 8,5, 
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Relatively large granules and even large chromatic masses were 
present in the cytoplasm. The distribution of granules in the cytoplasm 
was not constant. In some organisms, the granules were found through­
out the posterior portion of the animal extending anterior into the 
cytoplasm for a variable distance, most commonly from one-half to two-
thirds of the body length of the animal (Figure 50). But in other 
cases, the granules were limited to the anterior portion of the animal 
and often they appeared to originate near the blepharoplast and to 
surround the nucleus completely (Figure 51). In many specimens, dark 
staining bodies, which were interpreted as ingested food particles, 
were scattered throughout the cytoplasm. 
Diamond's medium In contrast to the size variations of T. 
augusta grown in the C.P.L.M. medium, the organisms appeared to be 
larger near neutrality and on the alkaline side in Diamond's medium 
(Table 6). The organisms had an average size of 11,8 x 7.0 u at 20°C., 
11.5 X 6.8 u at 25°C., 10.2 x 6,4 u at 30°C. and 11.0 x 6.7 u at 35°C. 
in the pH value 6,0. The individuals grown in the pH range 6.5-8.5 were 
found to be larger in both length and width. Measurements of 30 ran­
domly selected organisms showed that T. augusta had the greatest average 
size, 18.0 X 11,5 u, at 20°C; whereas, T. augusta was smaller in size, 
15.5 X 7.1 u, at 30°C. At 25°C., the average size was 16.0 x 8.4 u while 
it was 16.6 X 7,9 u at 35°C. 
The differences between the measurements of anterior and trailing 
flagella taken at different pHs and temperatures were insignificant. 
But generally the anterior and trailing flagella appeared to be longer 
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at 20°C. with the average lengths of 16.0 u for anterior flagellum and 
12.9 u for trailing flagellum. The average length of the longest 
anterior flagellum of the stained organisms from Diamond's stock cul­
ture was 10.9 u and the trailing flagellum was 9.0 u. At 25°C., the 
average lengths of the anterior flagellum and of the trailing flagellum 
were 13.4 and 10.2 u, respectively. The measurements of the anterior 
flagella were 12.6 u at 30°C. and 12.1 u at 35°C. while the trailing 
flagella averaged 11.7 u at 30°C. and 10.2 u at 35°C. 
The unduating membrane and costa, which were closely associated, 
ran posteriorly the full length of the body of the animal. The un­
duating membrane had fewer undulations in the organisms grown on the 
acid side. The costa maintained a uniform diameter throughout its length 
(Figure 53) and no subcostal granules were found in organisms grown in 
Diamond's medium. 
At pH 6.0, the parabasal body was shorter in the individuals taken 
at 25°C. and 30°C. It had an average length of 1.7 u; whereas, an 
average of 3.3 u was recorded at 20°C. and 35°C. At pHs 6.5 and 7.0, 
this organelle was larger in size in the organisms taken at all four 
temperatures. An average length of 4.6 u was noted at pHs 6,5 and 7.0. 
The parabasal body was rather thicker and smaller in size on the alka­
line side (Figure 53). In a few organisms, this structure was not uni­
form in its diameter throughout its length (Figure 54). An average size 
of 3.0 u was found in the organisms grown on the alkaline side. 
The nucleus was more ovoidal in shape (Figure 55) on the alkaline 
side than it was on the acid side (Figure 56). On the acid side, this 
organelle was more or less spherical in shape with an average size of 
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2.8 X 2.7 u while it averaged 3.6 x 3.1 u on the alkaline side. A rel­
atively large endosome with an average of 1.3 u in diameter was located 
either in the center (Figure 56) or in the posterior region of the nucleus 
(Figure 55) among the organisms grown on the alkaline side. However, 
smaller endosome, with an average of 0.9 u, was found near the center of 
the nucleus in the individuals taken on the acid side. The endosome ap­
peared to be closely associated with some chromatin granules (Figure 56) 
in the majority of the organisms grown in Diamond's medium. 
The cytoplasm appeared to be vacuolated with a few food particles. 
But it was highly crowded with chromatic granules of varying size which 
were stained with both iron-hematoxylin and protein-silver. 
Trichosel medium In trichosel medium, T. augusta was found to 
vary considerably in morphology at different pHs and temperatures. The 
shape of body varied from pyriform (Figure 57) to elongated (Figure 58) 
although a few organisms appeared to be ovoidal in shape (Figure 59), 
The average size of stained trichomonads from the stock culture at the 
time of inoculation was 13.7 x 7,6 u. At 20°C,, the organisms grown at 
pH 8.5 were longest, averaging 20.8 u in length, while those in pH range 
5.5 to 8.0 averaged 15.0 u (Table 7). At 25°C., the longest individuals 
were near neutrality and on the alkaline side between 6.5-8.5, averaging 
20.6 u; whereas, the flagellates were smaller on the acid side between 
pHs 5.5-6.0, averaging 14.3 u (Table 7). At 30°C., the organisms grown 
at pH 6.5 were longest, averaging 20.8 u in length, but those taken be­
tween 5.5-6,0 and 7.0-8.5 had an average of 16.1 u in length. At 35°C., 
the longest organisms were at pH 7,0 with an average length of 20,4 u; 
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whereas, the average length of the organisms in the pH range 5.5-6.5 
and 7.5-8.5 was 14.4 u. 
There was no consistent change in the length of anterior and 
trailing flagella for the organisms grown in the pH range 5.5-8.5. But 
this structure appeared to be relatively longer near neutrality and on 
the alkaline side. At 20°C., anterior and trailing flagella appeared 
to be longer at pH 8.5, averaging 21.8 u for the anterior flagella and 
21.2 u for trailing flagellum. At 25°C., they were longer in the pH 
range of 6.5-8,5, averaging 19.4 u for anterior flagellum and 18.4 u for 
trailing flagellum. The average measurements of the anterior and trailing 
flagella were 15.2 and 12.9 u for the organisms taken in the pH range 
5.5-8.0 at 20°C., 30°C. and 35°C. 
The undulating membrane was well developed and in protein-silver 
preparations appeared to be thrown into a series of 5-9 folds as it ran 
the body length of the animal (Figures 57, 61). A relatively thick, rod-
shaped costa was in close association with the undulating membrane and 
both extended the length of body between one-half (Figure 60) to as long 
as the entire length of the body of the organisms (Figure 57). In some 
organisms grown on the alkaline side, the undulating membrane and costa 
seemed to be pulled away from the body proper in the posterior part of 
the animal (Figure 62). Subcostal granules were noted in close associa­
tion with costa from the anterior end to the mid-portion of the structure 
in the majority of the organisms grown in the trichosel medium. 
The axostyle was somewhat larger among the organisms cultivated in 
the trichosel medium (Figures 62-64). This structure showed an anterior 
flattened capitular expansion which narrowed into the stem and then 
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extended posteriorly to the place which was surrounded by a darkly 
staining area in the form of a chromatic ring as it extended out of the 
body proper. In the majority of fixed specimens, the projecting part 
of the axostyle appeared to almost immediately gradually taper after 
leaving the body of the animal (Figure 63). But in a few individuals 
the diameter of the projected axostyle remained unchanged for some dis­
tance posterior to the body, and then the axostyle tapered gradually to 
a point (Figures 60, 62). In some specimens the projecting part of the 
axostyle continued in a fine filament as a projecting spine for a vari­
able distance of 1.6 to 5.6 u (Figures 57, 61). 
Endoaxostylar granules were found to be more numerous in the orga­
nisms grown on the alkaline side than they were on the acid side. In 
addition, on the alkaline side, the granules were much smaller in diam­
eter and tended to be arranged in regular patterns. In some organisms, 
numerous fine chromatic granules were seen in the conial tip of the axo­
style (Figure 64) while in others, a series of granules appeared sur­
rounding the axostyle and ran above the chromatic ring for an average 
distance of 2.0 u (Figure 62). Chromatic granules, which were also 
found in great numbers in the capitulum, were arranged in a number of 
longitudinal rows and extended into the stem for variable distances 
(Figure 65). 
The differences between the measurements of parabasal bodies taken 
at different pHs and temperatures were significant. A short, club-shaped 
parabasal body (Figure 57), with an average of 2.4 u in length, was found 
in the individuals taken in the pHs 5,5 and 6.0 at all four temperatures. 
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This structure was longer in size and thinner in diameter (Figure 60) 
in the organisms taken in the pH range 6.5-7.5 at 30°C. and 35°C., 
averaging 4.8 u in length. At 20°C. and 25°C., the longest parabasal 
body was found in the pH range 5.5-8.0, with an average of 4.0 u, al­
though it averaged 2.6 u in the pH 8.5 at the two mentioned temperatures. 
The average measurement of parabasal body in organisms taken in pHs 8.0 
and 8.5 was 2.7 u at 30°C. and 35°C. 
An oval-shaped nucleus (Figures 61, 66) was found in each organisms 
grown in the trichosel medium. The nucleus was larger in the flagellates 
grown on the alkaline side, averaging 4.0 x 2.8 u, compared to an average 
of 3.7 X 2.6 u on the acid side. The nucleus contained a single endosome 
surrounded by a halo and was located in the center of the nucleus in the 
majority of organisms (Figure 66). At all four experimental temperatures, 
the endosome was larger in size in pH 7.0 (Table 7), averaging 1.4 u in 
diameter. There was a slight difference in the size of endosome in organ­
isms taken on the acid and alkaline side. The average size of endosome in 
the acid side was 0.8 u while it averaged 0.9 u on alkaline side. 
The cytoplasm appeared to be more granular on the alkaline side 
while it contained more vacuoles on the acid side. In a few specimens 
the chromatic granules were scattered throughout the cytoplasm. In the 
majority of individuals, however, the granules were arranged in rows in 
the anterior portion of the animal (Figure 65). 
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Growth and Morphology of T. augusta in Relation 
to Partial Pressure of Oxygen 
Growth in relation to oxygen 
Of the five oxygen partial pressures ( 0, 75 mmHg., 150 mmHg., 
300 mnHg. and 500 mmHg.) selected for this study, partial pressures of 
0, 75 mmHg. and 150 mmHg. (control) supported the active growth of the 
organisms. Oxygen partial pressures of 300 mmHg. and 500 mmHg. did not 
support life. A greater maximal population was developed for the organ­
isms grown under complete anaerobiosis than for the individuals grown 
in the presence of oxygen no matter how little oxygen was present. In 
addition to the oxygen tension the temperature and medium seemed to af­
fect the rate of division and growth of the flagellates. 
An oxygen tension of 75 mmHg. employed in this experiment exerted a 
depression upon the maximal population level. This was demonstrated by 
comparison of the maximal populations under strict anaerobiosis with 
those of the oxygen tension of 75 mmllg. Also, the maximal populations 
for the cultures subjected to the oxygen tension corresponding to atmo­
spheric pressure (150 mmHg.) fell below that for cultures maintained 
under complete anaerobiosis. 
The final partial pressure of oxygen in each tube that supported the 
growth of the flagellate was measured by means of a Beckman oxygen elec­
trode. A reduction in the partial pressure of oxygen, which was directly 
related to the maximal populations of the organisms, was noted in the 
experimental tubes. A greater decrease in partial pressure of oxygen was 
recorded in the tubes incubated at higher temperatures. Also, the 
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partial pressure of oxygen decreased more in the culture tubes 
containing C.P.L.M. medium than it did in the other two media. A re­
duction of 52 per cent in partial pressure of oxygen was recorded in 
the culture tubes containing C.P.L.M. medium while the figures of 47 
per cent and 42 per cent were found for trichosel and Diamond's media, 
respectively. In addition, the drop in partial pressure of oxygen was 
approximately twice larger in the tubes incubated at 35°C. than it was 
at 20°C. 
Morphology and size in relation to oxygen 
Complete anaerobiosis The stained organisms used for the study 
of morphological variations of T. augusta at various oxygen tensions 
were prepared from the cultures grown at 20°C., 25°G., 30°C. and 35°C. 
T. augusta was rather pyriform in shape (Figures 67, 68) in anaerobic 
condition. The organisms were smaller in contrast to those grown under 
the other two oxygen partial pressures, 75 mmHg. and 150 mmHg, (control). 
Measurements of 180 randomly selected organisms showed that T. augusta 
maintained under complete anaerobiosis had the smallest average size-
11.7 X 8.2 u in Diamond's medium (Table 9) and 11,8 x 7.1 u in C.P.L.M. 
medium (Table 8); whereas, T. augusta grown in trichosel medium under 
the above condition was larger in size, averaging 13.7 x 7.7 u (Table 10). 
The anterior and trailing flagella appeared to be longer under 
complete anaerobiosis in comparison to the lengths found at oxygen partial 
pressure 150 mmHg. (control). The average lengths of the anterior fla-
gellum and of the trailing flagellum were 15.4 and 14.6 u for Diamond's 
medium (Table 9), 15.3 and 12.9 u for C.P.L.M. medium (Table 8) and 14.1 
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and 10.7 u for trichosel medium (Table 10). In addition to the size 
variations of the anterior flagella, the latter showed larger knob-like 
enlargements at their distal ends in the protein-silver preparations 
(Figure 68). 
The undulating membrane appeared to have fewer undulations (Figure 
71) under anaerobic condition in contrast to the ones found in the con­
trol culture tubes. This structure extended the entire length of the 
body of the animal in close association with the costa. A row of 
relatively large subcostal granules was seen in organisms taken from 
Diamond's medium. These granules occurred only in organisms grown at 
30°C. and 35*0. (Figure 72). 
A large "sausage shaped" parabasal body (Figure 69) varying in 
length from 4.1 to 5.0 u (Table 9), with an average length of 4.7 u, 
was found among the organisms grown in Diamond's medium under complete 
anaerobic condition. However, this organelle was smaller in length but 
thicker in diameter in the individuals taken in C.P.L.M. and trichosel 
media (Figure 70). The average lengths of 4.4 u in trichosel medium and 
4.2 u in C.P.L.M. medium were recorded for the parabasal body. 
In contrast to the small nucleus found in the organisms grown in 
the control culture tubes, the nucleus appeared to be larger among the 
individuals taken under complete anaerobiosis. Variations occurred and 
the nucleus was larger in the trichosel medium in comparison to the other 
two media,. Average measurements of 4.3 x 4.0 u in trichosel medium, 
4.2 X 3.2 u in Diamond's medium and 3.6 x 3.1 u in C.P.L.M. medium were 
recorded for the nucleus under anaerobiosis. 
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In spite of large nucleus, the endosome was smaller. The endosome 
averaged 0,8 u in diameter in organisms taken in the trichosel medium, 
and it was located near the center of the nucleus (Figure 73) in all 
specimens examined. On the other hand, a large endosome was found in 
the flagellates grown in Diamond's and C.P.L.M, media. It averaged 1.4 
u for Diamond's medium and 1.2 u for C.P.L.M. medium. The endosome ap­
peared to be located in the center or in the posterior portion of the 
nucleus (Figures 71, 72), and occasionally more than one endosome, each 
surrounded by a halo, were present. 
The cytoplasm did not appear to be uniformaly granulated. Darkly 
staining particles (Figure 75) scattered throughout the cytoplasm were 
observed in many of the specimens. These particles were interpreted as 
ingested food material. 
Oxygen pressure of 75 mmHg. T. augusta was smaller in the cul­
ture tubes having oxygen pressure of 75 mmHg. when compared with those 
grown at oxygen pressure of atmospheric air. Measurements of 180 
selected individuals showed that T. augusta maintained under an oxygen 
tension of 75 mmHg. had the largest average size of 14.4 x 8.4 u in the 
trichosel medium (Table 10); whereas, they averaged 12.9 x 8.3 u in 
Diamond's medium (Table 9) and 12.7 x 7.9 u in C.P.L.M. medium (Table 8), 
The form of the body of the animal varied considerably from pyriform 
(Figure 76) to almost ovoidal (Figure 77). 
The measurements of anterior and trailing flagella from the organ­
isms taken under an oxygen tension of 75 mmHg. showed much variation. 
But generally, they were longer in Diamond's and C.P.L.M. media in con­
trast to those found in the control culture tubes. The average 
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measurements of the anterior flagellum and of the trailing flagellum 
were 16.0 and 13.0 u for Diamond's medium, 15.0 and 12.5 u for C.P.L.M. 
medium and 14.1 and 11.2 u for trichosel medium. 
The parabasal body appeared to be larger in both length and diameter 
(Figure 76) in all organisms incubated under the above condition. This 
structure varied in length from 3.8 to 4.6 u with an average of 4.0 u 
in C.P.L.M. medium, 4.1 u in trichosel medium and 4.2 u in Diamond's 
medium. 
The nucleus was smaller in individuals grown under the oxygen tension 
of 75 mmHg. than those measured under strict anaerobic condition. This 
organelle ranged in size from 3.4 to 4.0 u in length and 3.0 to 3.7 u 
in width, with an average of 3.7 x 3.2 u. The nucleus contained a large 
endosome with an average of 1.1 u in diameter. The latter was located 
in the posterior portion of the nucleus (Figure 78), In a few organ­
isms, however, the endosome was located near the center of the nucleus 
and it was surrounded by a series of 4-7 small chromatin granules (Figure / 
79). 
Table 1, Measurements of T. augusta from original host (frog), third subculture and the experimental 
temperatures (average of thirty organisms) 
Temp. Medium Length/width 
Flagellum 
Anterior/ Parabasal Nucleus 
Trailing body length/width Endosome 
C.P.L.M. 
Third subculture 
35° C 
30° C 
25° C 
20° C 
12.8/8.3 
16.4/8.1 
18.1/8.3 
15.9/9.5 
17.2/7.8 
14.1/10.6 
15.9/12.6 
19.4/12.6 
1 2 . 6 / 1 0 . 8  
12.7/10.7 
3.1 
3.8 
3.9 
4.5 
5.1 
3.3/2.9 
4.4/3.3 
4.3/3.1 
4.1/3.1 
4.5/3.5 
1 . 1  
1 . 0  
0.9 
1.3 
0.9 
Diamond ' s 
Third subculture 
35° C 
30° C 
25° C 
20° C 
11.4/8.2 
11.0/6.7 
10,2/6.4 
11.5/6.8 
11.8/8.3 
14.1/10.8 
1 1 . 6 / 8 . 8  
11.5/9.2 
10.9/7.9 
10.9/9.0 
3.3 
3.4 
1 . 6  
1 . 8  
3.5 
3.3/2.9 
2,9/2.8 
2.8/2.4 
2.7/2.5 
2.9/2,8 
0 . 6  
0 . 6  
0.7 
0.7 
0 . 6  
Trichosel 
Third subculture 
35° C 
30° C 
25° C 
20° C 
13.7/8.6 
13.8/8.8 
15.7/9.0 
14.1/8.2 
14.4/8.0 
16.9/12.2 
14.6/11.6 
14.8/10.0 
15.7/12.3 
15.3/10.7 
3.3 
3.5 
4.1 
3.4 
3.8 
3.5/2.7 
3,4/2.9 
4.1/3.1 
3.4/2.6 
3.8/3.0 
1 . 0  
0.9 
1 . 0  
1 . 0  
0 . 8  
Frog smear 22.9/7.6 15.2/11.7 6.2/0,6 6,1/3.0 1 . 6  
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Table 2. Generation time of T. augusta in C.P.L.M. medium 
Time interval Generation time 
Temperature in days in hours 
20^C 0-5 
5-6 19.1 
6-7 24.1 
7-8 39.8 
8-9 46.8 
9-10 66.7 
10-10% 143.0 
25 C 0-3 ----
2-3 8.6 
3-4 10.0 
4-5 24.6 
5-6 31.2 
6-7 40.6 
30°C 0-2 
2-2% 3.4 
2%-3 7.0 
3-3% 5.7 
3%-4 10.6 
4-4% 26.5 
35°C 0-2 
2-2% 1.7 
2%-3 2.5 
3-3% 17.6 
3%-4 20.0 
4-4% 24.4 
4%-5 43.9 
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Table 3. Generation time of T. augusta in Diamond's medium 
Time interval Generation time 
Temperature in days in hours 
20^ 0 0-6 ----
6-7 11.2 
7-8 13.9 
8-9 20.6 
9-10 24.2 
10-11 34.2 
11-12 67.8 
12-13 75.0 
13-14 160.4 
25^C 0-4 
4-5 10.4 
5-6 11.7 
6-7 15.2 
7-8 33.8 
8-9 77.8 
9-10 84.2 
30^C 0-3 —-
3-3% 9.5 
3%-4 11.4 
4-4% 12.0 
4%-5 14.4 
5-5% 24.4 
5%-6 45.9 
6-6% 64.2 
6%-7 79.5 
7-7% 130.9 
35°C 0-3 
3-3% 5.8 
3%-4 14.6 
4-4% 11.4 
4%-5 18.3 
5-5% 20.6 
5%-6 23.8 
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Table 4. Generation time of T. augusta in trichosel medium 
Time interval Generation time 
Temperature in days in hours 
20^C 0-5 ----
5-10 ----
10-11 24.1 
11-12 30.8 
12-13 37.1 
13-14 41.3 
14-15 58.2 
15-16 128.9 
25 C 0-7 ----
7-8 12.0 
8-9 12.6 
9-10 13.5 
10-10% 73.8 
30°C 0-5 
"2 9.8 
5%-6 9.5 
6-6% 10.7 
6%-7 13.4 
7-7% 37.5 
7%-8 59.9 
35^C 0-4 
4-4% 6.0 
4%.5 7.6 
5-5% 12.0 
5%-6 19.8 
6-6% 20 .0  
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Table 5. Effect of pH and temperature on morphology of T. augusta in 
C.P.L.M. medium 
Temp. pH Length/width 
Flagellum 
Anterior/ Parabasal Nucleus 
Trailing body length/width Endosome 
35°C 
30°C 
25°C 
20°C 
5.0 14.0/7.5 
5.5 14.5/7.5 
6.0 16.4/8.1 
6.5 11.4/7.6 
7.0 10.2/6.3 
7.5 10.3/7.5 
8.0 14.1/7.4 
8.5 13.1/6.5 
5.0 13.5/8.6 
5.5 16.0/10.1 
6.0 18.1/8.3 
6.5 15.2/9.3 
7.0 12.1/7.9 
7.5 11.8/8.0 
8.0 15.3/8.4 
8.5 15.4/5.6 
5.0 12.6/9.7 
5.5 13.4/9.3 
6.0 15.9/9.5 
6.5 12.6/9.2 
7.0 11.5/8.1 
7.5 14.8/9.4 
8.0 15.5/9.2 
8.5 15.5/8.4 
5.0 14.4/9.2 
5.5 13.8/8.9 
6.0 15.2/7.8 
6.5 14.8/9.2 
7.0 15.9/7.7 
7.5 14.5/8.6 
8.0 15.2/8.3 
8.5 16.1/8.8 
6.18 12.8/8.3* 
14.3/13.6 
16.2/11.0 
15.9/12.6 
16.4/9.6 
11.1/7.6 
14.5/7.6 
15.5/11.0 
15.2/13.3 
15.2/12.2 
13.9/12.7 
19.4/12.6 
16.5/12.3 
11.1/6.9 
13.5/8.4 
15.6/12.4 
18.8/14.1 
15.3/10.7 
14.1/10.4 
12.8/10.8 
15.0/10.8 
12.9/8.9 
20.5/14.5 
15.5/14.0 
15.5/12.6 
17.1/13.0 
15.1/9.6 
12.7/10.7 
18.8/10.9 
15.9/10.2 
14.5/9.3 
15.9/13.1 
18.4/13.3 
14.1/9.63 
2 . 6  
2.4 
3.8 
3.3 
3.2 
3.5 
3,7 
3.0 
3.3 
3.3 
3.9 
5.2 
3.7 
3.7 
3.4 
3.8 
2.9 
2 . 8  
4.7 
4.2 
3.9 
3.9 
4.0 
4.2 
3.0 
2 . 8  
5.1 
3.9 
3.2 
3.8 
3.7 
4.1 
3.1^ 
3.4/2.8 
3.7/2.9 
4.4/3.3 
2.5/2.4 
2 . 8 / 2 . 8  
3.4/2.7 
4.8/2.9 
4.1/3.0 
3.5/2.8 
4.3/2.8 
4.3/3.1 
2.8/2.7 
4.1/2.7 
3.3/2.8 
3.8/2.9 
4.2/2.8 
3.9/2.8 
3.1/2.8 
3.8/3.1 
3.7/2.9 
3.9/2.7 
3.9/3.1 
4.0/3.1 
4.0/2.9 
4.2/3.4 
3.4/2.6 
4.5/2.9 
4.0/3.4 
4.2/3.1 
4.0/3.6 
4.4/3.2 
4.6/2.9 
3.3/2.9* 
0.9 
0 . 8  
1 . 0  
0.5 
0.5 
0.5 
0.9 
1.3 
0 . 6  
0.6 
0.9 
0.7 
1 . 0  
1 . 1  
0.9 
1 . 2  
0 . 8  
0 . 8  
1.3 
0.9 
0. Ô 
0 . 8  
0.9 
1.4 
0.9 
1.1 
0.9 
1 . 0  
0.7 
1.0  
1.3 
1.4 
1.1^ 
astock culture. 
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Table 6 • Effect of pH and temperature on morphology of T. augusta in 
Diamond's medium 
Flagellum 
Anterior/ Parabasal Nucleus 
pH Length/width Trailing body length/width End0some 
6.0 11.0/6.7 11.6/8.8 3.1 3.1/3.0 0.6 
6.5 14.9/10.3 14.9/11.0 4.8 3.1/3.0 1.2 
7.0 17.4/7.6 12.2/12.6 5.9 3.5/3.1 1.3 
7.5 16.8/7.3 9.8/7.8 3.3 3.9/3.0 1.3 
8.0 16.4/7.0 12.8/11.4 2.7 3.6/2.8 1.2 
8.5 17.4/7.2 11.2/10.0 2.5 3.7/2.5 1.5 
6.0 10.2/6.4 11.5/9.2 1.6 2.5/2.4 0.8 
6.5 14.2/7.4 17.5/16,5 3.8 3.1/2.4 1.0 
7.0 14.9/7.0 12.8/10.0 4.1 3.0/2.9 1.2 
7.5 15.0/7.6 8.0/9.0 3.1 3.7/2.9 1.3 
8.0 16.9/7.1 14.0/15.3 2.8 3.9/2.8 1.2 
8.5 16.4/6.3 11.8/10.1 2.8 3.6/3.0 1.4 
6.0 11.5/6.8 10.9/7.9 1.8 3.1/3.0 0.8 
6.5 15.0/8.8 10.9/7.9 1.8 3.1/3.0 0,7 
7.0 15.6/8.4 14.5/12.1 4.7 3.8/3.0 1.2 
7.5 16.0/7.7 11.2/7.2 3.2 3.0/2.5 1.0 
8.0 16.9/8.6 13.8/11,6 3.2 3.6/2.9 1,1 
8.5 16.3/8.6 16,6/13,1 2.8 3.4/2.8 1.3 
6.0 11.8/7.0 14,5/10,8 3.5 2.7/2,5 0.6 
6.5 16.7/10.4 14.0/8 8 4.3 2.5/2.5 1.3 
7.0 16.9/9.4 18.6/17.4 5.6 3.2/3.0 1.4 
7.5 17.0/7.6 14.9/12,9 3.2 3.6/3.4 1.4 
8.0 20.6/13.0 17.1/12.5 3.6 4,5/3.2 1.5 
8.5 18.6/8.8 17.2/15,2 3,1 3.9/3.2 1.6 
6.1% 11.4/8.2* 10.9/9.0  ^ 3.3^ 3.3/2.9* 0.63 
35 °C 
30°C 
25°C 
20°C 
^Stock culture. 
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Table 7. Effect of pH and temperature on morphology of T. augusta in 
trichosel medium 
Temp. 
35°C 
30°C 
25°C 
20°C 
Flagellum 
Anterior/ Parabasal Nucleus 
pH Length/ width Trailing body length/width Endosom 
5.5 
6.0 13.8/8.8 14.6/11.4 2.8 3.4/2.9 0.7 
6.5 15.8/7.0 15.8/14.5 5.2 3.4/2.5 0.7 
7.0 20.4/7.4 16.8/15.3 5.0 4.8/3.0 1.4 
7.5 15.8/7.4 15.7/15.5 4.2 3.5/2.4 0.7 
8.0 13.8/6.0 15.1/14.8 2.8 3.0/2.0 0.8 
8.5 14.2/5.9 13.5/13.3 2.7 2.9/1.9 1.1 
5.5 16.0/9.1 15.6/13.8 2.8 3,8/2.6 0.7 
6.0 17.7/9.0 14.8/10.0 3.1 3.8/3.1 1.0 
6.5 20.8/8.0 15.5/15.4 5.7 5.0/3.4 0.8 
7.0 16.2/5.9 16.6/16.0 4.0 4.7/3.0 1.3 
7.5 14.4/6.7 15.2/12.2 4.4 3.9/2.9 0.9 
8.0 15.8/4.5 14.4/13.5 2.8 3.5/1.7 0.8 
8.5 16.5/5.9 14.4/14.0 2.6 3.9/2.3 0.9 
5.5 14.7/10.5 14.7/12.0 2.1 3.4/2.7 0.9 
6.0 14.1/8.2 16.7/13.3 2.8 3.4/2.6 0.7 
6.5 19.9/9.2 19.0/18.3 5.7 5.0/3.0 0.6 
7.0 20.7/7.5 18.8/18.0 4.3 4.2/2.6 1.4 
7.5 20.0/6.7 19.2/17.5 4.1 4.0/2.9 1.0 
8.0 22.4/6.4 19.9/18.6 5.3 4.0/2.9 0.7 
8.5 20.4/7.2 20.0/19.4 2.6 4.0/2.6 1.1 
5.5 14.3/11.0 13.0/8.3 2.8 3.2/2.8 1.0 
6.0 14.4/8.0 15.3/10.7 2.8 4.1/3.0 0.9 
6.5 14.5/7.8 16.7/10.3 4.8 3.6/2.2 1.0 
7.0 15.0/8.5 16.5/13.5 4.2 3.6/3.1 1.4 
7.5 15.7/8.4 16.2/12.5 4.0 4.0/2.9 0.7 
8.0 16.2/8.0 15.3/12.8 4.1 4.1/2.8 0.7 
8.5 20.8/8.0 21.8/21.2 2.6 5.0/2.8 1.1 
6.1* 13.7/7.6* 16.9/12.7* 3.3* 3.5/2.7* 1.0* 
^Stock culture. 
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Table 8. Effect of partial pressure of oxygen and temperature on 
morphology of T. augusta in C.P.L.M. medium 
Flagellum 
PP02 Anterior/ Parabasal Nucleus Endo-
Temp. mmHg. Length/width Trailing body length/width some 
35°C 0 12.2/6.9 14.6/11.7 4.0 3.4/3.0 1.1 
75 12.4/7.0 14.1/11.5 3.8 3.2/3.1 1.0 
150 12.5/7.6 13.6/11,4 3.6 3.0/2.9 0.8 
30OC 0 11.0/5.7 14.7/12.7 4.1 3.5/3.0 1.2 
75 12.6/7.3 14.6/12.4 3.9 3.4/3.0 1.1 
150 13.8/8.4 14.2/11.2 3.5 3.4/2.8 0.9 
25°C 0 11.5/8.0 15.7/13.4 4.2 3,6/3.2 1.3 
75 12,8/8,6 15.5/13.0 4.1 3.4/3.1 1.2 
150 14.3/9.2 15.5/12.5 3.8 3.1/3,1 1.1 
20°C 0 12.5/7,7 16,4/13,9 4.4 3.9/3.3 1,4 
75 13.0/8.5 16.0/13.1 4.3 3,5/3,1 1,3 
150 14.5/9,1 15.7/12,6 4.0 3.2/3.0 1.1 
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Table 9. Effect of partial pressure of oxygen and temperature on 
morphology of T. augusta in Diamond's medium 
Flagellum 
PP02 Anterior/ Parabasal Nucleus Endo 
Temp. mmHg. Length/width Trailing body Length/width some 
35°C 0 10.4/8.2 15.9/15.0 4.8 4.6/3.4 1.4 
75 12.1/8.5 16.8/13.0 4.6 3.7/2.8 1.0 
150 14.1/8.9 14.0/12.3 2.9 3.5/2.8 1.0 
30°C 0 11.8/8.1 15.1/14.8 4.9 4.3/2.9 1.4 
75 12.9/8.2 16.1/13.2 4.1 4.0/2.9 1.2 
150 14.1/8.7 14.7/11.7 3.7 3.7/2.9 1.4 
25°C 0 12.5/8.2 16.4/15.7 5.0 3.6/3.1 1.2 
75 13.2/8.6 15.7/13.5 4.1 3.5/2.9 1.1 
150 14.0/8.7 15.6/11.9 2.8 3.2/2.8 1.0 
20°C 0 12.3/8.2 14.1/12.6 4.1 4.5/3.4 1.7 
75 13.5/8.3 15.5/12.1 4.0 4.2/3.2 1.6 
150 15.5/9.3 16.6/11.2 2.8 4.1/3.1 1.5 
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Table 10. Effect of partial pressure of oxygen and temperature on 
morphology of T. augusta in trichosel medium 
Flagellum 
PP02 Anterior/ Parabasal Nucleus Endo-
Temp. mmHg. Length/width Trailing body length/width son 
35°C 0 13.3/7.2 13.1/10.5 4.1 4.0/3.0 0.7 
75 14.1/7.9 13.6/11.0 3.8 3.7/3.5 0.9 
150 14.4/8.5 14.0/11.9 3.1 3.5/2.9 1.1 
30°C 0 13.6/7.1 13.2/11.8 4.2 4.2/4.0 0.8 
75 14.0/8.0 13.8/11.1 4.3 3.8/3.7 1.0 
150 14.3/8.6 14.7/12.1 3.1 3.2/3.0 1.2 
25OC 0 13.8/8.3 14.6/10.8 4.5 4.4/4.1 0.8 
75 14.3/8.6 14.8/11.4 4.1 4.2/3.8 1.1 
150 15.1/9.0 15.3/12,0 3.6 4.1/3.1 1.4 
20°C 0 14.3/8.1 15.5/9.8 4.6 4.5/4.2 0.9 
75 15.2/8.5 14.0/11.3 4.2 4.1/3.9 1.2 
150 16.1/9.2 16.3/12.1 3.8 4.0/3.5 1.5 
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DISCUSSION 
Although a great amount of research has been done on the growth 
and morphological variations of trichomonad flagellates during the past 
half-century, only a very small part of this has involved T. augusta, 
the common trichomonad of the frog. Earlier investigations regarding 
the active growth of T. augusta in only C.P.L.M. medium were available. 
Hence, the present study indicates for the first time that T. augusta 
is capable of growing and multiplying in both Diamond's and trichosel 
media covering a wide pH range. In the current survey it was also 
found that this flagellate could multiply and undergo morphological 
changes at lower partial pressures of oxygen similar to those described 
by Johnson (1942) for Trichomonas vaginalis. 
A total of five species of enteric protozoa were found in the 
rectum of the frog examined. Of these five species of protozoa, T. 
augusta was the only flagellate able to grow and multiply in the three 
media used in the current study. Tliere appeared to be great variations 
in the size of T. augusta from the freshly killed frog and those from 
cultures, A noticeable reduction in length of the organisms was 
found in C.P.L.M., Diamond's and trichosel media where the respective 
length of the organism was 12.8 u, 11.4 u and 13.7 u in comparison to 
22.9 u in those organisms from the host. These differences in size 
were thought to be due to the accelerated rate of division resulting 
from ideal food sources and a favorable environment. These results 
seemed to be in agreement with Twohy and Tucker (1961) who reported that 
T. augusta was small and active at the faster rates of growth while 
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large and sluggish forms occurred at slower rates of growth. 
A wide range in temperature has been reported by the earlier 
workers for cultivation of T. augusta and other trichomonads. Bishop 
(1935) was the first who reported a temperature range between 40-31°C. 
for cultivation of Trichomonas keilini which was isolated from pond 
water. Samuels (1958) found a temperature range of 8°-35°C. for 
multiplication of T. augusta in SIS medium. Lee et £l. (1962) reported 
that T. augusta was not able to grow and multiply at 34,5°C. and that 
the optimal temperature for this protozoan was between 22°C. to 32°C. 
The four temperatures, 20°C., 25°C.,30°C., and 35°C,, selected for the 
present investigation all supported the active growth of the organisms. 
A maximal population of 2,400,000 per ml. at 20°C., 4,500,000 per ml. 
at 25°C., 5,250,000 per ml. at SO^C. and 3,750,000 per ml. at 35°C. 
were found in C.P.L.M.  medium. At 20°C., the maximal population of 
3,200,000 developed in Diamond's medium was greater than the one found 
in the C.P.L.M. medium. At the other three temperatures, however, the 
population peak was somewhat smaller in Diamond's medium, 3,100,000 per 
ml. at 25°C., 3 ,200 ,000  per ml. 30"c .  and 2 ,400 ,000  per ml. at 35°C,  
A greater lag phase was noted for the organisms grown in trichosel 
medium, and the maximal populations were smaller at the four temperatures 
in contrast to the ones found in the C.P.L.M. medium. Maximal popula­
tions of 2,000,000 per ml. at 20°C., 3,100,000 per ml. at 25°C., 
4 ,300 ,000  per ml. at 30°C., and 2 ,900 ,000  per ml. at 35°C.  were recorded 
using trichosel medium. The present findings did not agree with Twohy 
(1959) who, in working with T. augusta, reported a maximum population 
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of 1,280,000 organisms per ml. at 29°C. In contrast to the observa­
tions made by Twohy (1959), Concannon et £l. (1967) stated that the 
culture of T. augusta reached a peak growth of 3-4X10^ cells per ml. 
in four days of incubation at 25°C. 
A lag phase was longer for the organisms grown in the trichosel 
medium and shorter for the organisms grown in the C.P.L.M. medium as 
compared with the lag phase of 3 to 5.5 days for the organisms grown in 
Diamond's medium with limiting concentrations of glucose. Twohy and 
Tucker (1961) also found that the minimum time required for cell 
division was between 10-49 hours. In comparison to Twohy and Tucker, 
the present study revealed that the minimal time required for cell 
division of this protozoan species was shorter in all three media. The 
minimum generation times of 11.2 hours at 20°C., 10.4 hours at 25°C., 
9.5 hours at 30°C., and 5.8 hours at 35°C. were recorded using Diamond's 
medium. Longer generation times were seen after the maximal popula­
tions were reached and this appeared to be in agreement with Buttrey 
(1960) who reported that the generation times increased when the popula­
tions started to experience increasing death rate. Later in 1963, Twohy 
also reported that an increase in the death rate of organisms caused 
an increase in the generation time. 
Regarding variations in size and morphology during different phases 
of the growth cycle, McAllister (1958) reported that no significant 
changes in size of Tritrichomonas from the caecum of pig occurred during 
the various phases of the culture cycle. However, Ormsbee (1942) found 
that the cells of strain H of Tetrahymena pyriformis became shorter 
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during the initial phases of growth and then later increased in length. 
Ten years later Loefer (1952), while working with pure clones of 
Tetrahymena geleii, found significant differences in average dimensions 
of the same strain in different phases of the growth cycle and in dif­
ferent media. McCashland and Johnson (1957) reported size variations 
in certain strains of T. pyriformis during the different phases of the 
growth cycle. They (1957) also reported that one strain of T. pyri -
formis and one strain of Tetrahymena vorax did not show variations in 
size during culture growth, and their results were in agreement with 
McAllister (1958). In the present investigation, in addition to the 
finding of pronounced morphological changes after an extended period 
of subculturing, significant changes in morphology and size of T. 
augusta were observed at or near the peak populations of the experi­
mental cultures. 
T. augusta grown in C.P.L.M. medium appeared to have the greatest 
average size - 17.2 x 7.8 u at 20°C., 15.9 x 9.5 u at 25°C., 18.1 x 
8.3 u at 30°C. and 16.4 x 6.8 u at 35°C., whereas, T. augusta cultivated 
in Diamond's medium was smaller in size - 11.8 x 8.3 u at 20°G., 11.5 x 
6.8 u at 25°C., 10.2.x 6.4 u at 300C. and 11.0 x 6.7 u at 35°C. Measure­
ments of 14.4 x 8.0 u at 20°C., 14.1 x 8.2 u at 250C., 15.7 x 9.0 u at 30°C. 
and 13.8 x 8.8 u at 35°C., were recorded for the organisms grown in the 
trichosel medium near their maximal populations. 
The parabasal body was smaller in organisms grown in Diamond's 
medium, ranging in length from 1.6 to 3.5 u while it ranged from 2.8 
to 4.1 u in trichosel medium and 3.8 to 5.1 u in the C.P.L.M. medium. 
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The differences between the measurements of parabasal body at various 
experimental temperatures were also noticeable. This organelle was 
larger in size in all organisms cultivated at 20°C. and 35°C., averaging 
3.5 u in length. 
The nucleus was rather oval-shaped and both longer and wider in 
the organisms taken from C.P.L.M. medium; whereas, this structure was 
more rounded in shape and smaller in size in individuals grown in 
Diamond's medium. Great changes occurred in the size, number and 
location of endosome. The latter was smaller in diameter in Diamond's 
medium, while it was considerably larger in size in the C.P.L.M. and 
trichosel media. In the majority of the flagellates, the nucleus 
contained a single endosome surrounded by a halo and located either in 
the center or in the posterior portion of the nucleus. On the other 
hand, a condition of polynucleoli (Samuels, 1941) was noted and often 
two endosomes, each surrounded by a halo (Buttrey, 1954), was found 
in some individuals grown at lower temperatures. 
While numerous investigations have been reported regarding growth 
and morphological changes of many protozoan species over a broad pH 
range of the culture medium, the literature on the relation of hydrogen-
ion concentration to growth and size variations of T. augusta and other 
trichomonads is limited. Hogue (1926) was the first who reported the 
growth of Trichomonas buccalis over a pH range of 6.6-8.2 and later 
he reported that T. buccalis grew best at a pH range of 6.6 to 7.6 at 
lower temperatures while at 37.5°C., the best range seemed to be pH 7.2 
to 8.0. A few years later in 1931, Alexander found a wider pH range 
91 
of 2.3-11.0 for active growth and multiplication of Englena gracilis. 
Loefer (1938) stated that the range supporting growth for Parame. . urn 
bursaria was pH 4.9-8.0, a range comparing more closely to the findings 
in the present investigation. 
Numerous investigations have been done concerning the effects of 
hydrogen-ion concentration on growth of Trichomonas vaginalis. Westphal 
(1936) in working with T. vaginalis obtained growth from pH 4.0 to 
pH 8.0, with an optimum pH 7.0. However, Johnson (1940) reported that 
that the population growth of this trichomonad was inhibited above pH 
7.5 and below pH 5.0 and the optimum growth occurred between pH 5.5 
and 5.8 after 4 days of incubation at 37°C. Similar results were ob­
tained by Trussell and Plass (1940) who reported that the greatest number 
of living T. vaginalis was present at a pH range of 5.6 to 5.9. According 
to the findings in the present work, trichomonads from the rectum of 
the frog could maintain themselves in more alkaline media than T. 
vaginalis. 
Rosenberg (1936) reported the effect of hydrogen-ion concentration 
on the viability of T. augusta. This worker discovered that as the 
acidity of the medium increased, the death rate of the organisms also 
increased and that the maximal growth was obtained at the pH value of 
7.55. Samuels (1958) reported the growth of T. augusta strain 101 over 
a pH range of 6.0-8.0. A later investigation on the effect of pH on 
T. augusta was done by Lee et. (1962) who reported growth in a pH 
range of 4.0-9.0, with an optimum pit range of 6.0-8.0. 
Palmquist and Buttrey (1960) in working with Tritrichomonas suis 
reported that the maximal population developed in pH values 5.0-8.2. 
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The present study revealed that T. augusta could tolerate a pH range 
of 5.0 to 8.5 in the C.P.L.M. medium. However, T. augusta grown in 
trichosel medium could not tolerate as much acid, and it grew in the 
medium having a pH range of 5.5-8.5. These findings were in agree­
ment with Reidmuller (1936), Cailleau (1937), Morisita (1939) and 
Morgan (1942) who found that Trichomonas foetus could tolerate a range 
of pH from 5.5-8.5. The pH range :.n Diamond's medium was narrow and 
growth was obtained in pH values of 6.0-8.5, but the pH values 5.0 and 
5.5 did not support life. Prescott (1958) in working with Tetrahymena 
gellii found that the optimal pH for growth was 7.25-7.30, and he also 
noted that there was small influence of pH upon the multiplication rate 
over a range of pH 6.0-8.5. 
The differences between maximal populations at different pH values 
were significant; hence, pH appeared to have a large influence on the 
final population. In the present study a maximal population of 1,450, 
000 to 5,250,000 per ml. at 20°C., 650,000 to 5,000,CuO per ml at 
25°C., 900,000 to 5,000,000 per ml. at 30°C. and 250,000 to 4,500,000 
per ml. at 35°C. developed in the C.P.L.M, medium between the pH range 
of 5.0 and 8.5. The highest population uf 5,250,000 per ml. occurred 
at 20°C. at pH 7.0 after 11 days of incubation. The maximum reached at 
25°C. was 5,000,000 per ml. after 16 days of incubation at pH 8.5. 
The peak population occurring at 30°C. was 5,250,000 per ml. at pH 6.0 
after k\ days of incubation, and the maximum developed at 35°C. was 
4,500,000 per ml. after 7 days incubation at pH 8.0. 
Relatively greater maximal populations developed in Diamond's 
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medium having a pH range of 6.0-8.5. Maximal populations varying from 
3,200,000 to 5,000,000 per ml, at 20°C. and 3,100,000 to 5,050,000 
per ml. at 25°C. developed in the pH range of 6.0-8.5. The maximal 
populations of 3,200,000 to 6,000,000 per ml. for both 30°C. and 35°C 
throughout the pH range. The highest population of 5,000,000 per ml. 
was obtained after 6 days of incubation at pH 7,0 at 20°C, The maximum 
reached at 25°C, was 5,050,000 per ml, after 5 days at pH 7.5, and 
the maximum developed at 30°C. was 6,000,000 per ml. at pH 8.5 after 
6 days of incubation. A maximal population of 6,000,000 per ml. oc­
curred at pH 7.5 after four days incubation at 35°C. 
In contrast to the other two media, the peak populations were 
smaller in trichosel medium throughout the pH range of 5.5-8.5. The 
maximum populations of 1,000,000 to 4,000,000 per ml, developed at 20°C., 
1,300,000 to 3,400,000 per ml, at 25°C., 1,250,000 to 4,300,000 per ml, 
at 30OC. and 1,500,000 to 3,150,000 per ml. at 35°C. The largest 
population of 4,000,000 per ml, occurred at pH 8,0 after 19 days of 
incubation at 20°C; whereas, the maximum was 3,400,000 per ml, at pH 
6,5 after 10 days of incubation at 25°C, The population at 30°C, 
reached a maximum of 4,300,000 at pH 6,0 after 8 days of incubation, 
and the maximum developed at 35°C. was 3,150,000 per ml, at pH 6,5 
after 7 days of incubation. It is evident from these results that the 
optimal pH varied in relation to different temperatures and was cor­
related with the medium, 
A longer lag phase was observed for the higher and lower pH values 
at all the four experimental temperatures. This would indicate that 
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the three media at these pH values did not meet with the immediate 
demands of the animal and that the organisms needed time to adapt to 
the new environmental condition of the medium. At 20°C., maximal 
lag phases of 19 days at pH 5.0 and 12 days at pHs 5.5 and 8.5 were 
recorded for the organisms grown in the C.P.L.M. medium. A shorter lag 
phase was observed for the flagellates grown in Diamond's medium in 
contrast to those found in the C.P.L.M. medium. A lag phase of 6 days 
occurred for pH 6.0 while it was 5 days for pH 8.5 at 20°C. The lag 
phase for the organisms grown in the trichosel medium having various pH 
values was relatively larger for the organisms grown at 20°C. At 20°C., 
lag phase of 11 days for pH 6,0 and 13 days for pH 8.5 were noted. 
In a study of the effects of pH on the size and morphology of the 
protozoan species, Ellingson (1930) reported that the maximum size of 
Amoeba proteus occurred on the alkaline side between pH 8.0-8,2, 
Kupferberg (1940) stated that T, vaginalis had a minimal mean size of 
12.4x9,4 u at pH 5.4, while the maximal mean size of 15.0x11.6 u oc­
curred at pH 7.6. Palmquist and Buttrey (1960) in a study on a porcine 
cecal form reported that the trichomonads grown at pH 6.7-8.2 were 
longest, averaging 13.1 u in length, while those in the pH range of 
5.0-6.4 averaged 11.7 u. In the present study, T. augusta grown in 
Diamond's and trichosel media appeared to be larger near the neutral 
and on the alkaline side. The greatest length of 22.4 u at pH 8.0, 
and the smallest length of 10.2 u at pH 6.0 were recorded for T. augusta. 
In the C.P.L.M. medium, however, the flagellates were smaller near 
neutral than on the acid or alkaline side, indicating that active cell 
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division occurring near neutral affected the size of the organisms. 
The flagellates appeared to be wider on the acid side in all three 
media than they were on the alkaline side. 
Further morphological differences were observed among the organisms 
cultivated at various pH levels, temperatures and media. There was 
no consistent change in the length of anterior and trailing flagella 
for the organisms grown in the pH range 5.0-8.5, but generally they 
appeared to be longer near neutrality and on the alkaline side. Varia­
tions occurred and the lengths of anterior and trailing flagella seemed 
to be greatly influenced by factors such as nature of the media and the 
temperature. 
The differences between the measurements of parbasal bodies taken 
at different pH values and temperatures were insignificant. However, 
the medium did appear to induce some changes in the length and width 
of this organelle. It was generally longer at pH range 6.5-7.5 in the 
three different media at all four temperatures. The largest parabasal 
body averaged 5.7 u at pH 6.5 while the smallest parabasal body averaged 
1.6 u at pH 6.0. 
The nucleus appeared to be rather ovoidal in shape, and it was 
both longer and wider in the majority of the flagellates grown near the 
neutral and on the alkaline side, especially between pH values of 6.5-
7.5. A rounded endosome varying from 0.5 to 1.6 u was visible either 
in the center or in the posterior region of the nucleus. Two endo­
some, each surrounded by a halo similar to the condition reported by 
Buttrey (1954), were occasionally found in the nucleus. In addition, 
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some endosomes, similar to those reported by Samuels (1941), appeared 
to be composed of closely associated granules between 3 and 7 in 
numbers. 
The active growth of T. augusta was observed under oxygen partial 
pressures of 0 mmHg., 75 mmHg. and 150 mmHg. (control), Johnson (1942), 
in working with T. vaginalis, reported that the presence of oxygen was 
definitely unfavorable for growth and division of this flagellate. 
The results of the present survey indicated that greater maximal popula­
tion developed for the organisms grown under complete anaerobiosis than 
for the individuals grown in the presence of oxygen, no matter how little 
oxygen was present. According to Johnson (1942), T. vaginalis behaved 
like a facultative aerobe, and the optimum condition was found to be 
complete anaerobiosis. 
Under the anaerobic condition, T. augusta was relatively smaller 
in size in contrast to the organisms grown in the other two oxygen 
partial pressures. T. augusta had the smallest average size of 11.7% 
8.2 u in Diamond's medium, 11.8x7,1 u in C.P.L.M. medium and 13.7x 
7.7 u in trichosel medium under strict anaerobiosis. 
The parabasal body appeared to be larger among the flagellates 
grown in media containing lower concentrations of oxygen. The largest 
parabasal body, which had an average length of 5.0 u, was found under 
anaerobic condition; whereas, the maximum was 4.6 u at partial pressure 
of 75 mmHg. and 4.0 u at partial pressure of 150 mmHg. 
The differences between the size of the nucleus at different 
partial pressures of oxygen were also significant. The nucleus was 
larger in the flagellates cultivated under complete anaerobiosis. 
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Furthermore, this organelle was larger in trichosel medium than in the 
other two media. The endosome was smaller in size, averaging 0.8 u in 
diameter, among the organisms grown in the trichosel medium; while it 
was larger in the other two media with an average diameter of 1.3 u. 
The present findings in this survey indicated that T. augusta was 
able to grow and multiply with a faster rate of division in the presence 
of low concentration of oxygen. However, various organelles were found 
CO be larger in size under low oxygen tension than they were at high 
oxygen tension. A reduction in the partial pressure of oxygen in the 
tubes that supported the active growth of the organisms was measured. 
This indicated that T. augusta behaved like a facultative aerobe, while 
the optimum condition was found to be complete anaerobiosis, a con­
dition similar to that described by Johnson (1942) for Trichomonas 
vaginalis. 
A number of protozoologists have tried to interpret size varia­
tions among protozoan species. Some have suggested that size races may 
be present (Wenrich, 1944; Buttrey, 1954). Wenrich (1944) also suggested 
that autotomy and division rates may affect the size of the trichomonad 
of man, T. hominis. The effects of nutrition on morphology were noted 
by Wenyon (1926) who thought that larger forms of T. vaginalis were 
due to nutrition. Later, Kipchidze^ (1930) and Beatman (1933) reported 
that Trichomonas tenax increased greatly in size when rice starch was 
added to the cultures. Dobell (1934) recorded similar information on 
T. hominis. Loefer (1938) reported the effects of temperature on Sten­
tor which showed a seasonal variation of 19-25 u in size. Ellingson 
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(1930) described that the greatest size of Amoeba proteus occurred at 
pH 7.8-8.4. Kupferberg (1940) reported that T. vaginalis had a mini­
mal size at optimal pH for growth. Palmquist and Buttrey (1960) 
stated that the changes in hydrogen-ion concentration appeared to cause 
variations in the size of trichomonads. 
The findings in the present investigation can be interpreted as 
being in accord with those suggestions listed above for size dif­
ferences. Such factors as nutrition, temperature, pH and oxygen tension 
seem to be important enviromental factors for T. augusta. The rate of 
division of the organisms was accelerated at higher temperature, and 
size also seemed to vary with a change in temperature. This seemed to 
be in agreement with Twohy and Tucker (1961) who reported that T. augusta 
was small at the faster rates of growth, while large and sluggish forms 
occurred at slower rates of growth. The present study revealed that 
the organisms grown in Diamond's and trichosel media were larger near 
the neutral and on the alkaline side, while the flagellates taken from 
C.P.L.N, medium were larger on the acid and alkaline side. These facts 
indicate that the more active cell division occurring near neutral af­
fected the size of the organisms. Therefore, it seems obvious that 
the environmental factors can induce significant morphological changes 
in T. augusta. Thus, these criteria should be used with caution in 
determining taxonomic species among the protozoa and especially among 
the genus Tritrichomonas. 
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SUMMARY 
Tritrichomonas augusta (Alexeieff 1911) used in the present 
study was isolated from the rectum of a frog (Rana pipiens), and it 
was cultivated in a bacteria-free condition in C.P.L.M., Diamond's and 
trichosel media. The four different temperatures, 20°C., 25°C., 30°C., 
and 35°C., selected for the present investigation all supported the 
active growth of the organism. The smallest lag phase was noted for 
the individuals grown at 35°C. in all three media. The lag phase was 
shorter for 1. augusta cultivated in C.P.L.M. medium; whereas, a 
longer lag phase was noted for the organisms grown in the trichosel 
medium. The lag phase varied from 3 to 5.5 days among the flagellates 
grown in Diamond's medium and the maximal populations were somewhat 
smaller in this medium. The greatest maximal population was found for 
the organisms grown at 30°C. in the three different media. The largest 
maximal populations of 5,250,000 per ml. in the C.P.L.M. medium, 4,300, 
000 per ml, in the trichosel medium, and 3.200,000 per ml. in Diamond's 
medium were recorded for the organisms grown at 30°C. 
Significant morphological variations were observed to exist between 
T. augusta from the freshly killed frog and those from the third sub­
cultures. T. augusta isolated from the frog had an average length of 
22.9 u. The organisms cultivated in Diamond's medium showed the 
smallest average length of 11.4 u while the individuals grown in tri­
chosel medium had the greatest average length of 13.7 u. An average 
length of 12.8 u was recorded for the animal grown in the C.P.L.M. 
medium. 
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Certain temperatures during the growth studies did have some 
effect on the size and morphology of T. augusta, and this effect also 
varied with the medium. At 30°C., T. augusta had the greatest average 
sizes of 15.7x9.0 u in trichosel medium and 18.1x8.3 u in the C.P.L.M. 
medium. In Diamond's medium, however, the largest animals with an 
average size of 11.8x8.3 u were grown at 20°C. The difference between 
the measurements of the parabasal body at various experimental tempera­
tures were also significant. This organelle was large in size in all 
flagellates grown at 20°C. and 35°C., averaging 3.5 u in length. The 
parabasal body was larger in organisms cultivated in the C.P.L.M. 
medium, ranging in length from 3.8 to 5.1 u while it ranged from 1.6 
to 3.ii u in Diamond's medium and 2.8 to 4.1 u in trichosel medium. The 
nucleus was larger in the organisms taken in the C.P.L.M. medium; where­
as, this organelle appeared to be smaller in the flagellates taken in 
Diamond's medium. However, the nucleus was found to be larger in the 
organisms grown in the cooler temperatures. 
A pH range of 6.5-7.5 was considered to be the most favorable for 
the multiplication of T. augusta although the organism was successfully 
cultivated between a pH range of 5.0-8.5. In the C.P.L.M. medium growth 
was observed in the pH range of 5.0-8.5. Active growth was obtained in 
the pH values 5.5-8.5 using trichosel medium; whereas, T. augusta grew 
in Diamond's medium having a pH range of 6.0-8.5. No growth occurred 
in the two cultures with pH values of 4.0 and 4.5 nor in those with 
higher pH values of 9.0 and 9.5, A larger lag phase was observed in 
cultures with the higher pHs and also with the lower pHs at all four 
experimental temperatures. A shorter lag phase was found for the 
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flagellates grown in Diamond's medium in contrast to those found in the 
C.P.I.N, and trichosel media. The differences between maximal popula­
tions at different pH values were significant. The maximal populations 
ranging from 250,000 to 5,250,000 developed in the C.P.L.M. medium 
between the pH range of 5,0-8.5, However, the maximal populations 
ranged from 3,100,000 to 6,000,000 in Diamond's medium having a pH range 
of 6.0-8.5, and from 1,000,000 to 4.300,000 in the trichosel medium 
having a pH range of 5.5-8,5. 
The hydrogen-ion concentration did influence the size and morphol­
ogy of the flagellate. T. augusta grown in Diamond's and trichosel 
media appeared to be larger near the neutral and on the alkaline side. 
The greatest length of 22,4 u at pH 8.5, and the smallest length of 10.2 
u at pH 6,0 were recorded for T, augusta. In the C.P,L,M. medium, how­
ever, the flagellates were smaller near neutral than in the acid or 
alkaline media, indicating that active cell division occurring near 
neutral affected the size of the speciemens. The organisms appeared 
to be wider on the acid side in all three media than they were on the 
alkaline side. 
Further morphological variations were observed among the individuals 
.grown in media at different pH values. The parabasal body was generally 
longer at pH range 6.5-7.5 in the three different media at all four 
temperatures. The parabasal body averaged 5,7 u at pH 6.5 while this 
organelle had an average of 1.6 u at pH 6.0. The nucleus appeared to 
be larger in the majority of the organisms grown near the neutral and 
on the alkaline side between pH 6,5-7,5. 
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Of the five oxygen partial pressures (0 mmHg., 75 inmHg., 150 
mmHg., 300 mmHg. and 500 mmHg.) selected for this study, active growth 
of T. augusta was observed under oxygen partial pressures 0 mmHg., 
75 mmHg. and 150 mmHg. (control) but there was no growth at 300 mmHg. 
and 500 mmHg. A greater maximal population developed for the organisms 
grown under complete anaerobiosis than for the individuals grown in the 
presence of oxygen. The present findings in this investigation indi­
cated that T. augusta was smaller in size under anaerobic condition 
although various organelles such as parabasal body and nucleus were found 
to be larger in sire under low oxygen tension than they were at higher 
oxygen tension. A reduction of the partial pressure of oxygen in the 
tubes that supported the active growth of the flagellates indicated that 
T. augusta behaved like a facultative aerobe while the optimum condition 
was found to be complete anaerobiosis. 
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PLATES 
All figures of Tritrichomonas augusta have been drawn with the 
aid of the camera lucida. Magnification of X4000 was used for all 
drawings. The drawings have been reduced one-half in printing. 
Abbreviations used in legends: B., Bouin's fluids; S., Schaudinn's 
fluid; H., Heidenhains's iron-hematoxylin; P., Protein-silver; 
C., C.P.L.M. medium; D., Diamond's medium; T., Trichosel medium; 
P.P. 02) Partial pressure of oxygen. 
Plate I 
Fig. 17. B. P. Left lateral view, frog's intestine 
Fig. 18. B. P. Right lateral view, frog's intestine 
Fig. 19. B. P. Right lateral view, frog's intestine 
Fig. 20. S. H. Left lateral view, frog's intestine 
Fig. 21. S. H. Right lateral view, frog's intestine 
Fig. 22. S. H. T. Left lateral view, third subculture 
Fig. 23. S. H. D. Ventral view, third subculture 
Fig. 24. B. P. D. Right lateral view, third subculture 
Fig. 25. S. H. T. Right lateral view, third subculture 
Fig. 26. B. P. T. Left lateral view, third subculture 
Fig. 27. B. P. C. Left lateral view, third subculture 
Fig. 28. B. P. T. Left lateral view, third subculture 
Fig. 29. B. P. C. Right lateral view, culture, at 20°C. 
Fig. 30. B. P. C. Right lateral view, culture, at 25°C. 
Fig. 31. S. H. C. Right lateral view, culture, at 
Fig. 32. B. P. D. Right lateral view, culture, at 35°C. 
Fig. 33. S. H. D. Right lateral view, culture, at 20°C. 

Plate II 
Fig. 34. S. H. D. Left lateral view, culture, 25°C. 
Fig. 35. S. H. D. Left lateral view, culture, 25°C. 
Fig. 36. S. H. T. Right lateral view, culture, 30°C. 
Fig. 37. S. H. T. Left lateral view, culture, 20°C. 
Fig. 38. S. H. T. Left lateral view, culture, 30°C. 
Fig. 39. B. P. T. Right lateral view, culture, 30°C. 
Fig. 40. B. P. T. Left lateral view, culture, 25°C. 
Fig. 41. B. P. T. Dorsal view, culture, 30°C. 
Fig. 42. B. P. C. Left lateral view, culture, pH 6.5, 25°C. 
Fig. 43. B. P. C. Right lateral view, culture pH 5.0, 25°C. 
Fig. 44. S. H. C. Ventral, right lateral view, culture, 
pH 5.0, 250c. 
Fig. 45. S. H. C. Left lateral view, culture, pH 8.5, 20°C. 
Fig. 46. B. P. C. Left lateral view, culture, pH 8.5, 30°C. 
Fig. 47. S. H. C. T.eft lateral view, culture. pH 6 = 5^ 35°C.-
Fig. 48. S. H. C. Ventral, right lateral view, culture, pH 6 
Fig. 49. S. H. C. Right lateral view, culture, pH 7.0, 25°C. 
Fig. 50. B. P. C. Right lateral view, culture, pH 8.5, 30°C. 
Fig. 51. S. H. c .  Dorsal view, culture, pH 8.5, 35°C. 

Plate III 
Fig. 52. B. P. D. Ventral view, culture, pH 6.5, 30°C. 
Fig. 53. B. P. D. Left lateral view, culture, pH 7.5, 25°C. 
Fig. 54. B. P. D. Left lateral view, culture, pH 7.0, 25°C. 
Fig. 55. S. H. D. Right lateral view, culture, pH 8.5, 20°C. 
Fig. 56, S. H. D. Right lateral view, culture, pH 6.5, 30°C. 
Fig. 57. B. P. T. Left lateral view, culture, pH 6.5, 30°C. 
Fig. 58. B. P. T. Right lateral view, culture, pH 8,5, 30°C. 
Fig. 59. S. H. T. Dorsal, right lateral view, culture, pH 5,5, 
25°C. 
Fig. 60. B. P. T. Left lateral view, culture, pH 6,5, 20°C. 
Fig. 61. B. P. T. Left lateral view, culture, pH 7.5, 35°C. 
Fig. 62. S. H. T. Right lateral view, culture, pH 7.5, 25°C. 
Fig. 63. B. P. T. Right lateral view, culture, pH 8.5, 20°C. 
Fig. 64. S. H. T. Dorsal view, culture, pH 7.5, 25°C. 
Fig- 65. S. H. T. Dorsal view, culture, pH 7.5, 25°C. 
Fig. 66. S, H. T. Right lateral view, culture, pH 7.0, 20°C. 
Fig. 67. B. P. D. Right lateral view, culture, pp02 ramHg., 25' 

Plate IV 
Fig. 68. B. P. C. Right lateral view, culture, PP®2 0 mmHg., 35°C. 
Fig. 69. B. P. D. Right lateral view, culture, PP®2 0 mmHg., 20°C. 
Fig. 70. B. P. T. Right lateral view, culture, PP®2 0 mmHg., 25°C. 
Fig. 71. S. H. D. Left lateral view, culture, PP®2 0 mmHg., 20°C. 
Fig. 72. S. H. D. Right lateral view, culture, PPO2 mmHg., 35°C. 
Fig. 73. S. H. T. Dorsal view, culture, PP®2 mmHg., 25°C. 
Fig. 74. S. H. D. Left lateral view, culture, PP®2 nriHg., 30°C. 
Fig. 75. B. P. C. Left lateral view, culture, PP®2 ™Hg., 25°C. 
Fig. 76. B. P. D. Left lateral view, culture, pp02 75 mmHg., 35°C. 
Fig. 77. B. P. C. Right lateral view, culture, pp02 mmHg., 30°C. 
Fig. 78. S. H. D. Dorsal, left lateral view, culture, pp02 mmHg., 
25°C. 
Fig. 79. S. H. D. Left lateral view, culture, pp'^2 mmHg., 25°C. 

